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U. S. ARMY ENGINEER DIVISION, NEW ENGLAND
CORPS OF ENGINEERS
42l Trapelo Road
Waltham 54, Mass.

NEDGW

SUBJECT: Beach Erosion Control Report on Cooperative Study of
F&lmmlﬁli "MBWhﬁBé‘b:bS A s gyttt e

TO: Chief of Englneers
Department of the Army
Washington 25, D. C.

SYLLABUS

This study covers the Vineyard Sound shore of the town of
Falmouth, Massachusetts between Nobska Point and the Wequoit Bay
entrance. The purpose 1s to determine the best method of restoring
and stabilizing beaches and stebilizing the bluff areas.

The Division Englneer finds that erosion of beaches and bluffs
and storm dameges to shore roads and the coestal development have
occurred from wave attack. A large part of the shore is particularly
yulnersble to demeges since it consists of low barrier bars subject
to overtopping during storms and hurricenes eccompenied by high tides.
Protective works constructed around Nobska Polnt since initiation of
this study now provide asdequate bluff protection for that former
problem area.

The Division Engineer has developed practicablejplans for
protection and improvement of shore areas, as follows:

&. Between Nobska Foint and Felmouth Beach. - Construct
stone mounds or stone revetment wherever needed for bluff protection.

b. Petween Falmouth Inner Harbor and Bluffs at Falmouth
Heights. - Widen 1,000 feet of beach by direct placement of sand

fi11, lengthen Falmouth Harbor &ust jetty and enlarge existing groin.



€. Falmouth Heights Bluffs. - Place add{itional riprap
revetment along the toe of approximately 1,450 feet of wall, place
stone revetment on approximately T50 feet of slope &bove the wall
and control surface runoff wherever needed.

d. Mara Vista. - Construct low walls, approximately.l,900

feet long along the seaward side of the shore roed.

€. Acapesket. - Widen 1,300 feet of beach by direct
placement of sand fi11, enlarge and lengthen four (%) existing
groins.

f. Davisville. - Widen 1,500 feet of beach by direct
placement of sand fill, construct a jetty and two groins.

g+ Menauhant. - Widen 1,600 feet of beach by direct
placement of sand f111, construct & low wall 1,500 feet long and
enlarge and lengthen three (3) existing groins.

Direct placement of sand f111 along the shore or in stockplles
to be distributed by wave action for nourishment of beaches, or
reconstruction or relocation of low shore roads at a higher eleva-
tion are suitable methods for providing protection or improvement.
for some locations. Cémplete protection of low shore areas by
high seawslls or other barriers against overtopping during severe
storms or hurricanes is not warranted by the limited developments
which would benefit.,

Since the public interest required by Public Law is insufficient
to warrant Pederal participation in the cost of construction of the
projJects considered, the Division Engineer recommends that no project
be adopted by the United States for the brotection qr improvement of
the shores of Falmouth, Massachusetts. It is further recommended
that protective measures which may be undertaken by local interests,

based upon their determination of economic Justification be accomplished

in accordance with plans and methods considered in this report.



HEACH EROSION CONTROL REPORT ON COOPERATIVE STUDY OF

FAIMOUTH, MASSACHUSETIS

PART I-GENERAL

1. Authority. - This study was made by the Corps of Enginecco.
United States Army, in cooperation with the Division of Waterwayn oF
the Massachusetts Department of Public Works under Authorlty of Section
5 of the River and Harbor Act epproved 3 .Tuly 1930 as dmended Al chp-
plemented. The formal application for the stady dated 12 Fehrun:ry 1959,
was approved by the Chief of Engineers on 26 March 1959.

2. Purpose. - The purpose of the study as stated in the formal
application is to determine the best method of restoring and stavliiz-
in;, beaches and stabilizing the pluff areas.

3. Prior Reports. - There have been no prior beach erosion corLYr
reports covering the study area. There have haen reports on naviysie on
studies at Falmouth Harbor wilthin the study area and at Woodg Hoin
ad jacent to the study ares which resulted in adoption of Feders: na™:

gation projects.

4. Descripuion. - The study area ls in Barustable County o e
the goutn or Vinevard Sound shore of Tthe towm of Falmouth baivei
Nobska Polnt and the east limit of the town at the Waquolt B e
It is approximately 7h miles south of Boston, MagsachuansLis and
und 63 miles, respectively epat of New Bedford sad Pall River. W oo
chus=tts and Providence, Rhaode Tsland. The leonation T D opine o
Urited States Coast and Geodelf: Survey Tharihs 120G, £59 ant
rhe Onset and Falmouth @uadranglzs of the Tmitad Bhates Snolops oo
Survey and on Plate I of this report.

5. The permanent 1960 population of Barastable Connty wi 70,826
nad of the town of Felmouth was 13,077, each approximately HC 2o
higher than in 1950, The popilatior of the lown of Falmonth o5 2w
creased about 40,000 durlng the summer.

f. The study arca 1s .5 mlles long of which npmroxtmaie s 200

miles are own2d by the bown of Falmovth and 5.8 mlres wre moTele o
swmed.  The bown property congishs of C.24 mile of vevessed vl
bordering the shore road at fiolaka Point. .00 mbde o mmeee b
fromhing the rallroed right--of-way weat of Quptar Pong, o B6 ol
public bathing beach nordering gurf Drive cast of SaLt Pond, .00
mile of public bathing beach at Falmouth leights, sireaen ends Ad
Devigville and 0.35 mile of pubiic bathing beach at Mensuhaot. A0
but the easterly 1.l miles of shore are accessible over Suate, town
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opr private roads. Muich of the shore 1s closely paralleled by town roads.
Washburn Islend, containing the easterly 1.1 miles of ehore is completely
gurrounded by water and can be reached only by boat.

7. Development along the ghore consists of a United States Coasl
Guard Station at Nobska Point, widely spaced residences between Nobska
Point and Oyster Pond, small summer cottages on the beach fronting galt
Pond, and residences, imns, and other seesonal sccommodations behind
the beach east of Salt Pond to Little Pond with the development extend-
ing ebout one mlle inlend encompassing the business section of the town
along Highway Route 28, and a commercial gection of the town around
Foimouth Harbor associated with boating and fishing. Residential
development, lergely seasonal, alao exists along the ghore to the east
of Little Pond at Mara Vista, Acepesket, Davisville and Mensuhant.

The shore of Washburn Island and most of the low barrier bars or splts
fronting Eel, Bournes, Green, Great and Little Ponds are urdeveloped.
More detailed descriptive information concerning the development and
composition of beeches is included in Appendix A. Bacterial tests of
samples of water from the beaches indicate  that the nsabllity of the
beaches is not impaired by pollution vhich would endanger the health
of bathers. x ‘ . '

8. gtatement of the Problem and Improvement Desired. - The
problem conslists of erosion of bluffs and beaeches apd storm damages
to shore roads aud the coastal development from wave atback. At
the time of application for the study, the serious erosion of the
hiuff at Nobska Point and the rapid erosion and loss of beach fill
placed along the west end of the Falmouth Heights public beach from
the dredging of Falmouth Harbor in 1957 were of greatest concern.
Erosion and storm wave attack constitute problems along the entire
study sresas indicated by the numerous groins, jetties, stone mounds,
walls end revetments which heve been constructed for protection of
heaches, roads, cotteges, residences and inlets. A large part of the
snore is particulerly viinersble to demeges since 1t consists of low
barrier bars which are sulbjecl O overtopping during storms and hur-
ricapes accompanied by high tides. guch areas front Oyster, Salt,
Liitie, Grest, Green, Bournes and Eel Ponds. The shore development
16 generslly concentrated on low 1and behind the beaches between the
ponds and it 1s sublect to damages from overtopping of the beaches
and erosion of the land. BErosion of the bluff at Falmouth Helghts
endangers the shore road. Protection agalnst the former serious
arosion of the bluff at Nobska Polnt was provided by construction of
a stone mound and riprap slope protection during 1959.

§. The needs and views of the cooperating agency snd town
~nfficials concerning protection and improvement of the shores vere
~btained through correspondence and meetings during the conduct of
the study. A Joint meeting wae held on 3 August 1962 attended by
the englneering representative of the coopersting agency, the Towm



Selectmen, the Town Engineer and members of the Town Waterways
Comnittee at which shore problems and methods of protection wers
discussed. Suggestions by local interests were made as follows

2. Maintenance of the shore could be effected by periodir
placement of sand in stockpiles at locetions from which the sand
would be transported eastward by littoral currents to nourish Lhe
beaches thereby preventing their continued erosion and recessioo.
This method would require the use of jetties or other littoral
barriers at the west sides of inlets to impound the drifting sand.
Separate stockpiles would be needed for physiographic units of
shore between inlets.

b. The east jetty at Ealmouth Imner Harbor could be
lengthened to reduce loss of beaclr sand from the Felmouth Heighue
shore and consequent shoaling of the Felmouth Inner Harbor ent.ran: .

¢. Reconstruction &f the highway bridge over the Boirnes
Pond Inlet and the shore road along Menanhant Beech east of the
bridge is needed to permit adequate protection ageinst recurring
siorm demages. The bridge and road should be rebullt at a higher
elevation at a location farther landward than at present. There
is publicly owned lund available on which the bridge and rosd could

be relocated.

4. Methods of keeping the Siders Pond draivsge ruloor !
open ere desired. A sandy barrier bar forwms betwesn the twe exig!
ing stone jetties which flenk the culwvert and this blocks the dr-an

age,

PART I1 - FACTORS PERTINENT TO THE PROBLEM

10.  Geomorphology. - The shore line comsists mostly of
marine deposlts in the form of a chain of sandy baymouth bars frior
ing ponded erosional furrows or kettle holes. It is sitasted om ihe
sea margin, about 12 miles south of the spex of a trisngulsar plary
composed largely of stratified sends grading surficislly from coerser
near the apex to finer at the base. The apex is &t the (mpe Cod
Canal at the intersection of two terminsl morsines, one sxtendiny
southwestward paralieling the Buzzards Bey shore to Notsks Foint .
the other southeastwsrd paralleling the north or Ssndwi~h shore of
raz inner arm of Cape Cod. The chailn of baymoith bsrg exieads
eastward from the protruding glacial till hestland ar Wobaks Point
to & glacial till hill et Falmouth Heights and thence sustwerd
geverally as a smooth shoreline to the terminus of the atudy Ares
at Waquolt Bay, interrupted by inlets to the tidal ponds. A more
detailed dascription 1s contained in Appeadix B.




11. Littoral Materiais. - &. Characleristics. - Character of
littoral materials was determined from surface samples taken along
seven {7) beach profiies spaced throughout tbe study area. The
results of the sample analyses are lacluded ip Appendix . Deter-
mination of character of materials at selected profiles and in
Fa)lmouth Inner Harbor, Great, Green, Bournes and Eel Ponds, and
Waquoit Bay was made by probings. Locations of probings and
material encountered are shown on Plates 2, 3 and 4. General
descriptive Information concerning composition of beaches, obtained
by visual ingpectlon, 18 included in Appendix A. The samples
indicated that littoral materials consisted prineipally of medium
sand along the easterly portion of the study area at Washburn
Island, Menauhant snd Acapesket, medium and fine sand in the
central portion at Felmouth Heights end Falmouth Public Beach at
Surf Drive and gravel, medium and fine sand along the western ecund
of Fulmouth Beach. At Nobshke Poiot it consisted of gravel ahove
low water and medium and fine sand below low water. Considerable
quantities of gravel existed on all profiles, the largest amoun t.8
in the onshore part of the profiles at the ends of the study arex
and in the offshore part in the cemtral, sres. Probings 1n Falmouatb
Harbor, the ponds and Waquoit Bay indicated that the meterial con-
sisted of layers of mud and sand. FProbings in the offshore on
Profiles 2, 8, 16, 18, 20 and 22 indicated tbat the material con-
sisted of sand and gravel with some mud &t Profile 8. Only a smai!l
amount of penetration to refusal or hard sand was obtained on Lhe
of fshore probings.

b. Sources. - Glacial deposits constitute the principe.
source of beach materials. Maferlals eroded from the glacisi 121!
nesdiond at Nobska Poini, the glaclal t1il hill at Falmoufh Heights
and from the sandy depostts comprising the prongs betwaen the bays
and ponds have been transported by littoral currents and have formed
vhe existing beaches. These original sources of beach buildiug
aaterials have been lacgely eliminated by the constructlion of pro-
rective works. Placement of fill along the shore from the dredging
Af harbor and pond lmprovements has 1n recent years constituted »o
important. source of materisl. Samples aud probiogs and pxperiens =
witn dredging operations i{ndicate that sources of materisal sl table
for pourishment of bewches by hydraulic dredging exist iu the porids
aod Lays and in Vineyard Sound.

17. Littoral Foroes. - &. Waves. - The ehorelins s directay
cgxposed to waves from the Atianiic Ocean through the four mile wide
Vineyard Sound opening to the sowthwest, the ten mile wide Bantiicket.
Soupd opening between Monomoy Point and Nantucket Island to the east
and the seven mile wide Nantuckei Sound opening between Marths: s
Vineyard and Naotucket 1slapd to the sourheast. Wave sizes from
tnese directions are reduced considerably by the limited fetch width

through Vineyard Sounc aand by the shoals at the Wantucket Sowund




entrances. The shoreline lies in the lee of the mainlend from the
north and northeast and to a lesser extent from the west. Martha's
Vineyard, four miles to the south and Nantucket Island and Monomoy
Island 30 miles to the southemst end east, respectively, provide
some shelter from these dirs$tions. No wave measurements are
avallable for the immediate area. A wave rose based on synoptic
weather charts prepared by the Beach Erosion Board for a deep
water location off Nauset Beach, Cape Cod, Massachusetts is shown
on Plate 1. It indicates that waves off Nauset Beach occur with
greatest frequency from the northeast and east and that waves

from the southerly directions, to which the shoreline is more
directly exposed, occur with & considerably lesser frequency.

b. Currents. - Tidal currents flood to the east and
ebb to the west. Maximm average velocities in Vineyard Sound
one mile south of Nobska Point are 2.6 and 2.4 knots on the flood
and ebb, respectively.  In Nantucket Sound, sbout midway between
the mainland end Marthd's Vineysrd, average velocities are 2.1
and 2.2 knots on the flood and ebb,respectively. Tidal currents
at Falmouth Harbor, the ponds and Waquoit Bay flood northward
into the inlets and ebb southward out of the inlets.

€. Winds. - Records of winds observed by the United
Btates Weather Bureau at Nantucket, Massachusetts for a five-
year period from August 1952 to July 1957 and a two-year period
from August 1958 to July 1960 show that winds blow from westerly
directions about two-thirds of the time and from easterly direc-
tions about one-third of the time. Onshore winds from the south-
west quadrant have a slightly longer duration than from the north-
west quadrant and double the duration of onshore wimds from the
southeast quadrant. A wind diasgram based on the observed data
is shown on Plate 1. A summary of the data and a more detailed
description is included in Appendix D.

d. Storms. -~ Anslysis of nine years of United States
Weather Bureau records, consisting of three separate periods
from 1945 to 1960, was made for winds having & continuous
duration of at least four hours and a wind speed of 30 miles
ver hour or higher. It showed that north northeast winds occur
most frequently and have the longest duration, that northeast
and east northeast winds have the highest average speeds and
that winds have the longest duration from the mortheast quadrant.
It also showed that winds have the shortest duration from on--
shore directions from the southeast and southwest quadrants
and that winds from the southwest quadrant have a much longer
duration than from the southeast. A summary of these winds is
included in Appendix D, Table D-2. )

e. Tides. - Tides are ssmi-d&imrnsdl. The mean ranges
are 1.5 feet at Nobska Point, 1.3 feet at Falmouth Inner Harbor



and Falmouth Heights and 1.1 feet in Waquolt Bay. Spring ranges are
1.9 feet at Nobska Point and 1.6 feet at Falmouth Helghts. The high-
est tide of record of 1l2.7 feet above mean lowwater occurred at
Falmouth Heights during a hurricane on September 1415, 1944, Tides
3.0 feet above mean high water probably occur about once a year.

More detalled information concerning tidel observations, frequencies
of occurrence and extreme tides is included in Appendix E.

13. BShore History. - a. Shoreline Changes. - High water shore-
line changes during the entire period of record from 1845 to 1961
were smaller along the study area wesgt of Falmouth Inner Harbor
than to the east. There was little change at the outer tip of
Nobska Point and erosion and varying amounts of shore recession,
not exceeding 100 feet; along most of the shore to the east to and
including Falmouth Beach except for localized areas at the west
sides of groins and similar structures where impounded materisal
caused short segments of the shoreline to move seaward. Recesslion
of the shore, generally less than 50 feet, occurred along the shore
between Falmouth Beach and Falmouth Inner Harbor except adjacent to
the west Falmouth Harbor jetty where impounded material moved the
shore up to about 200 feet seaward. The Falmouth Heights shore was
eroded between 1845 and 1941 resulting in landward shore movements
of up to about 150 feet but during 1961, a8 a result of direct
placement of sand on the beach during 1957, and subsequent drifting,
parts of this shore were up to about 150 feet seaward of their 1941
position. From 18L5 to 1961, the Mara Vista shore moved 50 to 100
feet landward, the Acapesket shore receded 150 to 500 feet, the
greater recession along the easterly third of the ares, the Davis-
ville shore receded 100 to 400 feet, the larger movement at the
west end, the Mensmuhant shore receded 100 to 250 feet and the Wash-
vurn Island shore moved landward along ite west half up to about
T00 feet and the shore along the east half moved seaward up to
about 500 feet, the latter accretion as a result of impounding of
nmaterial at the Waguoit Bay west jetty. Changes in recent years
(from 1938-1942 to 1961) have been influenced by the construction
of various types of protective works. Large or significant changes
during this period have consisted of accretion at the west sides of
groins between Nobska Point and Falmouth Beach, at the west side of
the Falmouth Inner Harbor west jetty, along most of the Falmouth
Heights shore; at the west side of the Waquolt Bay west jetty and
recession at the east and west ends of the Acapesket shore and at
the west end of the Washburn lslend shore at the Eel Pond entrance.

b. Offshore Depth Changes. - Movements of offshore depth
contours were irregular and of a magnitude to indicate that offshore
depth changes were generally small. Changes in the vicinity of
various depths were as follows: Plus signs indicate shoaling and
minus signs deepening.




DEPTH
Location Period 6-Foot| 12-Foot [18-Foot | 30-Foot
Nobska Point 1938-1961 No significant changes
Nobska Point to |1887-1938 +, + - -
Falmouth Beach |1938-195L No significant changes
1954-1961 + + + +
Falmouth Beach [1887-1938 - - + +
1938-1961 No significant changes
Falmouth Beach |1887-1961 - - - -
to Falmouth Hbr
Falmouth Heights{1845-1938 - - + +
1938-1961 - - = =
Mara Vista 1845-1938 - - + +
1938-1961 - - - No change
Acapesket 1845-1938 - - - +
1936-1961 - No change + +
Davisville and ]1845-1931 + + + +
Menauhant 1938~1961 - + + ho change
Washburn Island |1845-1938 No information +
1845-1961 No change - + +

¢. Prior Corrective Action and Existing Structures. -
Many protective works have been constructed throughout the study area
over a long period to prevent erosion of beaches and bluffs, to
prevent storm damages, to restore losses of beach materials and to
stabllize inlets. Btructures consist of the following: a stone
mound, slope revetment and grolns of Nobska Point; stone walls,
revetment and groins and timber bulkhead and pilers between Nobska
Point and Falmouth Beach; stone groins; Jetties, breakwaters and
revetment, timber plers and a concrete and steel bulkhead at
Falmouth Beach;stone mounds, walls, groins and revetment and con-
crete groins and walls between Falmouth Beach and Fslmoutd Inner
Harbor; stone jetties at the entrances to Falmouth Immer Harbor,
Little Pond, Great Pond, Green Pond, Eel Pond, and Waquoit Bay;
mortared and dumped stone revetment, stone and concrete groins
and concrete walls at Falmouth Heights; stone groins and revetment,
concrete walls, timber groins, bulkhesd and piles at Mara Vista;
stone groins, revetment and mound, precast concrete block wall




and timber piles and bulkhead at Acapesket; stone groins, mounds and
revetment, timber groins, bulkheads and piles, and .concrete groins
at Davisville; stone groins, revetment and mound and timber bulk-
heads and groins at Mensuhent; stone groins at Washburn Islend. Sand
fills have been placed west of the Falmouth Harbor entrance, slong
Falmouth Helghts, Mars Vista, Acapesket and Menauhant. More
detailed information concerning these structures and beach fills

is included in Appendix G. Existing structures are shown on Plates
2, 3, and L,

d. Beach Profiles. - Beach profiles were gurveyed during
1961 at twenty-four selected locations throughout the study area
as shown on Plates 2, 3, and 4. Plots of the profiles are shown
on Plates 5 to 8,inclusive. A more detalled description of the
profiles, a tabulation of the slopes on individual profiles and
their principal characteristics at the various beaches is included
in Appendix H. Due to lack of comparftive surveys, seasonal changes
of beach slopes could not be determined. There were large and
lrreguler variations of beach slopes along the shore. Heights of
beach berms above the plane of mean low water, where they existed
were a8 follows: Washburn Island;, 6.5 feet; Falmouth Heights
between 5.0 and 6.0 feet; Falmouth Beach 6.5 feet; and between
Nobske Point and Felmouth Beach, 6.0 feet. The steeper portions
of the profiles seaward of the berms or upper portions of the
beaches to below low water had slopes as follows: Washburn Isiand
one vertical to 10 or 12 horizontal (L/10 to 1/12); Menauhant,
1/3; Davisville l/hh east portion, 1/9‘west porticn; Acapesket
1/16; Mars Vista 1/6, east portion, 1/11 west portiou; Felwouth
Heights, 1/6 to L/12, east half, 1/20 to 1/28 west half; Falmouth
Harbor to Falmouth Beach, 1/12; Falmouth Beach, 1/10 to 1/15;
Nobska Point to Falmouth Beach, lf{ to 1,10, east portion, 1/22
to 1/36 west portion; Nobska Point 1/20. Profiles generally lev-
eled off to slopes flatter than 1/100 at depths of 3 to 10 feet
along Fulmouth Beach and the shore to the east and At grester
depths, up to =8 feet, west of Falmouth Beach.

€. Volumetric Accretion and Ercsion. - Volumetric
changes along the Falmouth Heights shore were estimated from shore-
line surveys run by the town of Falmouth during October 1947, June
and December 1957 and November 1958 and from a survey run for this
study during July 1961. Volumes were estimsted based on the
assumption that besch slopes in sll periods were similar to those
determined from the 1961 survey of-beach profiles. Accretion is
sttributed to bydraallie £1ll placed on the beach during 1957.
Fill placement was completed durlng esrly May L957. Fill was
placed directly on the heach between the existing groins at
Stations 198450 and 216450 and subsequently drifted esstward.
Volumetric changes estimated between October 1947 and June 1957
are believed to lave occurred principally during the first half




of 1957 as a result of placement and drifting of fill. Total changes
end rates of change per linear foot, of shore per year are given
below from west to east for the five compartments of shore formed

by existing groins.

Volumetric Changes - Falmouth Heights

Volume
“ Cublc Cubic Yards Per
Location . Yards Linear Foot/Year

Ste. 198+50 to Sta. 216+50

June 1957 to Dec. 1957 -28,060 -31.2

Dec. 1957 to Nov. 1958 -29,920 -18.1

Nov. 1958 to July 1961 -10,020 - 2.1

June 1957 to July 1961 ~-68,000 - 9.2
Sta. 216450 to 220+0

Oct. 1947 to June 1957 +17,700 -

June 1957 to July 1961 Minor 0.0
, Oct. 1947 to July 1961 +17,700 -
Bta. 220+Q to g§y+p

Oct; 1947 to Nov. 1958 +17,700 -

Nov. 1958 to July 1961 + 2,940 + 2.8

Oct. 1947 to July 1961 +20,640 -
Sta. 22440 to 227+80

Oct. 1947 to Nov. 1958 + 5,900 -

Nov. 1958 to July 1961 + 6,000 + 5.9

Oct. 1947 to July 1961 +11,900 -
Sta. 227+80 to 233+40 ' .

Oct. 1947 to Nov. 1958 + 2,600 -

Nov. 1958 to July 1961 +16,100 +10.8

Oct. 1947 to July 1961 -~ +18,700 -

The westerly compartments of shore filled or nearly filled by
drifting at an eariier date than those to the east. The rate
of £illing increased to the eastward for the later pericd after
November 1958 evidently due to the availability of impounding
capacity and the passege of sufficient time for drifting sand
to 111 compeartments to the west and reach those to the east.

9



PART IT1 - ANALYSIS OF PROBLEM

1k, ghore Processes Pertinent to the Problem. - The principal
past sources of beach materials have been the eroding headlands
within the area. Eroded materials have moved generally eastward
forming baymouth bars across the pond entrances. Protection of
the eroding bluffs has practically eliminated the supply of beach-
building materials therefrom with resultant recession of the
beaches. There is no apparent predominant direction of littoral
drift along the central and western part of Falmouth Beach and the
shore to the west ti Nobska Point. East of Falmouth Beach to
Waquoit Bay, the greater accumulation of beach material at the
west sides of jettles and groins is visible evidence of predominant
eastward movement. Occasional accumilations at the east sides of
groins indicate that the direction of movement of littoral drift
varies. The rate of loss of beach material generally exceeds the
rate of supply. Due to the sbsence of matural sources of supply
and the existence of numerous groins, the quantity of littoral
drift is small. Volumetric acaretion at the Waquoit Bay west
Jetty estimated from comparative shoreline changes from 1938 to
1961 was about 4,000 cubic yards per year. Bastward movement of
littoral drift aiong the study ares was therefore at least of
that magnitude. A larger rate of loss occurred at Falmouth Helghts
for a short period where comparative surveys show a loss of 28,000
cubic yards of fill frow the area of placement during six months
in 1957. Movement of material is largely along shore. Material
also moves landward over the low varrier beactes and is probably
also lost offshore. The greatest losses occur &s a result of
~ short period waves during storms. Some recovery of beach losses
prebably oncurs as a result of swells duriag calmer periods. The
loss of protective b=aches is graduﬂlly exposing dPVElOped sreas
to more gevere wave gttack and damages.

L5+ Methods of Correcting Problem Conditions. - In general,
the rate of supply of beach material cannot be increased except
by artificially placing material diresctly oo the beaches or in
stockpiles to be distributed by wave action. Probings indicate
that suitable material is available offshore or 1n the ponds
within a practicable distance for hydraulic dredging snd placement
on the beaches. Widenlog the beaches in this manner is an effec-
tive method for restoring past losses, luproving besaches for
recrestionsl use and providiug protection for developed areas
agalngt wave attack. TUhe inadequacy of the supply of material
feeding the beaches and the existence of jetties at most inlets
necegsitate compsrtmentation of the shore and consideration of
separate plans for sghore segments. Although protection of eroding
bluffs has redaced sand supply to beaches, compartmentation of the
shore by jetties and groins has reduced losses from beaches and
use of past rates of erosion in determining future nourishment
requirements of restored or protected beaches is probably valid.
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Numerous groins and Jjetties constructed along the shore have proven
to be effective in reducing losses of beach material. Iloss of land
and dameges to developed areas have been prevented, except during
the most severe storms and hurricanes, by armoring the shore with
sea walls, revetments and bulkheads in these areas where the

supply of material has been inadequate to maintain a protective
beach. Such structures have reduced the supply of material
available for beaches by protecting former sources of supply.
landward movement of material over low beach areas can be prevented
or reduced by raising shore roads or constructing seawalls or other
barriers. Other methods of protection, such as offshore break-
waters, are not considered applicable.

16. Design Criteria. - Proposed protective measures are
designed to provide protectlion for ordinary conditions of com-
paratively frequent occurrence (about once a year). They are
not intended to provide complete protection in the event of
hurricanes or great storms of infrequent occurrence, although
even under these conditions some protection will be afforded.

&. Deslign Tide. -~ The design tide is the highest tide
which oceurs on an average about once a year. The elevation of
the design tide 18 3.0 feet above the plane of mean high water.

b. Deslign Wave. - The helght of the design wave was
determined from the reiationship d/H=1.28 where d is the depth
of breeking and H is the height of wave at breaking using the
depth at or a short distance seaward of the proposed structure
at time of design tide as the depth of breaking.

¢. Bizes and Slopes of Armor Stones in Structures. -
S8izes and slopes of armor stones for groins, Jetties and stone
revetments are computed using the United States Army Waterways
Experiment Station Formrila as described in Technical Report No.
4 of the Beach Erosion Board entitled "Shore Protection Planning
and Design."

d. Sand Fills. - The berm elevation of proposed beach
fills is hased on those at existing beaches in the study area.
The minimum width of f111l above mean high water 1s based on
widths found to afford protection in the area. Estimated volumes
of fill are based on slopes similar to existing slopes but fill
can be placed initially to a steeper slope and permitted to take
a more natural slope under wave action. Based on these criteria
the beach width between the seawall and the high water shoreline
is 125 feet, the berm elevation is 6.5 feet above mean low water
and the fill slopes vary from 1 on 10 to 1 on 30 in accordance
with existing slopes. Suitable sand for beach fills would have
size and gradation characteristics similar to those of existing
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beach materials. For the purpose of detailed design of the beach-
fill, the investigation of materials on the beach and in proposed
borrow areas should be supplemented when plans and specifications
are being prepared.

e. Groins and Jetties. ~ The horizontal shore section
should ordinarily have a top elevation not lower than the general
height of existing or anticipated berms of beathes and s length
not less than the berm width of the anticipated beach. This
minimm top elevation has been determined to be not less than 6.5
feet above mean low water and the elevation is higher for terminal
grolns or jettiss iatended to completely block passage of littoral
drift or to reduce it considerably. The intermediate sloped sec-
tion should not be gteeper thao the slope of the existing bottom.
The top elevation of the outer section shouwld not be lower than 1
oot sbove wean low water for groins and not lower than 5 feet
above mesn lod water for jetties. Por stone construction. the
miviouw beight of structures should be 5 feet. This height is
increased wherever necesssry to permit uwse of armor stones that
will not be displaced by wave antion. The determination of armor
stone sizes is described io the preceding Subparagraph c.  Blankets
of gpalls or crushed stone are used under stons groins or jetties
to minimize settlement due to scour. The ends of structures
extend seaward at least to the toes of proposed fills.

PART L[V - PLANS OF PROTECTION

17 Gepersd. - Plans of protection have been considered for
w1l known besth ercsion contyol provlems throughout the study area.
Detailed plans have been developed for .all specific problem areas
whers there 1s s present need for protection or improvement and
typinal plavs or methods of protection hase been indicated for
use lo areas where it appesred thet s weed for protection might
devedope. Descriptions, problems and plans of protection for shore
aress., ganeraliy divided in accordsnce with physicsl character of
shore fastures or the limits of public owoership., are conhbained
Lo the following paragraphs. The locations of these shore aress
are shown oo Plate No. 9.

18. Nobsks Point. - Nobska Poiot is lowssted at the west limit
Wt the stuly srea. The shore has o leugth of 2,200 feet ifncluding
Lo2h0 teat around the tip of the point, owned by the town and 950
fet g ternding aastward from the tip. pll"dtt"ly owned.  Devel opment,
donlothes road boxderiug the shore, copsists of a Unlted
Stestas Toastoo ard Station behiod the town “pr'i‘)_p.‘",_r-‘tiy At residences
Lotivwd v priwate store,  Trs ogter eod off Nobsks Poilot is a glacial
ELLi hesdland with o sTeep segward slope protested by @ stone mound
A0l rlprsp revetwent. The sandy shore and rosd to the esst are
protectad vy rilprap revetment and the reamsing of stone grolus.
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PHOTO 1 NOBSKA POINT TO FALMOUTH BEACH
Nov 27, 1961 - Nobska Point in foreground

PHOTO 2 FALMOUTH BEACH(CENTRAL PORTION)

Nov 27, 1961 - Cottages on low barrier bar



Construction of the stone mound end revetment around 1,100

feet of the tip of the point during 1959 provided needed
protection for the former eroding bluff and the shore road
bghind it. Except for meintenance of small areas where a few
stones were displaced, apparently the result of loss of the
underlying sand and gravel, no additional work is needed around
the tip of the point. The elevation of the road, which closely
borders the shore, drops to the east and it is subject to over-
topping during high storm tides. This does not create a partic-
ularly serious problem since the residential development is
located on higher. ground well behind the shore. Protection,

if desired, can be provided by reconstructing the road at a
higher elevation and placement of riprap revetment along the
face of the road embenkment. In general, maintenance of the
existing stone mound and riprap revetment should provife suitable
protection for thls area.

19. Between Nobsks Point and Falmouth Beach. - The shore
extending 5,900 feet northeastward from Nobska Point to Falmouth
Beach is privately owned. Development is residential with resi-
dences widely spaced and generally located on high ground well
behind the beach. The easterly 1,400 feet of shore is closely
paralleled by a railroad line and residences in this area are
located even farther landward. The shore is protected by a
series of stone groins. Residences and glacial till bluffs
behind the beach are protected by a discontimuous system of
protective works consisting of low stone walls, a timber bulk-
head, dumped or mortared stone revetment and stone mounds.

The shore has generally receded over the period of record,
gince 1845, at a rate not exceeding one foot per year. In
recent years, since 1941, there has been accretion in the imme-
diate vicinity of some of the groins. The beach width above
high weter in front of bluffs and protective structures varies
from about 30 to 125 feet. The beach is composed of medium and
coarse sand and gravel with the composition coarser to the east.
Existing protective works are generally sultable for protection
of the beach and residential development. Some erosion occurs
to the bluffs near the shore which are still unprotected.
Protection can be provided by ¢onstruction of stone mounds or
stone revetment along the toes of bluffs as has been done at
adjacent areas. Details of a typical protective stone mound
are shown on Plate 11. It consists essentially of an outer
layer of armor stone large enough to withstand displacenent by
wave attack and an underlying filter layer designed to prevent
washing out of the glacial till. The size of armor stone at
specific locations will depend on the size of waves which can
reach the structure when the tide is at the design level and
the sizes of stones in the filter layer are based on the armor
stone sizes. Due to the lack of a source of supply of material
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to nourish the beach by natural shore processes, it is possible that
the existing sendy beach may be gradually eroded despite the con-
struction of groins and other protective structures. In the event
it becomes necessary to do so, the sandy beach can be restored,
maintained or improved by the direct placement of sand fill elong
the shore or in stockpiles to be distributed by wave action. The
cholce between direct placement along the shore or in stockpiles
should be based on a comparison of the costs involved. Use of
stockpiles will generally be more economical only where a long
reach of shore is involved. The stockpile could be placed west

of the area to be improved to permit nourishment of the shore by
eastward drifting. Under present conditions, there is no apparent
immediate need for shore nourishment.

20. Falmouth Beach (West End). - The westerly 1,400 feet of
Felmouth Beach 1s owned by the town of Felmouth. The public shore
consists of a strip of beach on the seaward side of the railroad
line with a width above mean high water of about 50 feet. The
beach is largely covered with gravel with inereasing amocunts of
sand at its surface to the east. The beach is undeveloped and
directly accessible only to pedestrians across the railroad tracks
from Oyster Pond Road. Dumped riprap imbedded in the beach pro-
vides some protection for the railroad tracks. The shoreline hgs
receded at an average rate of about one-half foot per year during
the period of record from 1845 to 1961. In its present undeveloped
state, this erosion and shore recession does not constitute a seri-
ous problem. In the event the area 1s developed in the future,
buildings or other structures should be located far encugh land-
ward and constructed at a high enough elevation so as to prevent
or reduce damsges during their intended life from continued erosion
or from wave attack during storms accompanied by extreme high tides
when the beach would be overtopped. Erosion of the shore can be
reduced by the construction of groins as has been done along the
adjacent shore to the east. (Gradual loss of beach material, even
1f groins are constructed, may require srtifical nourishment of
the beach. The sand beach can be maintained or enlarged by place-
ment of sand fill elther directly on the beach or in stockpiles
to be distributed by wave action. The stockpiles could be located
west of the area to be improved to permit nourishment of the shore
by eastward drifting. Widening of the shore by fi1l placement
will generally require the extension of drains which cross the
beach. Under present conditions of use and development, there is
no apparent immediate need for either groins or shore nourishment.

21. Falmouth Beach {Central Portion). - The central portion
of Falmouth Beach with a length of about 4,850 feet fronting
Oyster and Salt Ponds is privately owned except for 50 feet at the
Jettied drainage outlet at Salt Pond which belongs to the town of
Falmouth. A railroad line is located on and closely parallels the
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PHOTO 3 FALMOUTH BEACH (EAST END) - Aug 26, 1962. Sunday attendance at the public bathing beach.




shore for about 800 feet at its west end and a town road, Surf
Drive, closely parallels the rest of the shore. There are
approximately 20 summer cottages on the beach seaward of Surf
Drive, most of them concentrated in front of Salt Pond. The
beach is composed of medium and coarse sand and scattered layers
of fine gravel deposits, the latter diminishing and cessing at

the east end of the area. The beach width aebove high water

varies from about TO to 140 feet in front of the railroad tracks,
20 to 100 feet fronting Surf Drive opposite Oyster Pond and the
west end of Salt Pond and 60 to 160 feet fronting Surf Drive
glong the cottage development at the easst end Sf the area. During
the period of record from 1845 to 1961, parts of the shore receded
at an average rate generallyclssahbhas ongcfiot pey year. From 11941
to 1961 the shoreline position remeined comparatively unchanged or
it moved a small distance seaward. Some of the area is protected
by a system of stone groins and jettles which have been effective
in reducing or preventing shore recession. Portions of Surf Drive
are fronted by dumped riprap or & low wall. Due to its narrowness
and low elevation, the beach is subject to overtopping during
storms and hurricanes accampanied by extreme high tides. Landward
movement of large quantities of beach sand occurs as & result of
wind and wave action. This material covers Surf Drive: and makes
it impasssable. Cottages on the beach sustain damages from direct
wave attack and flooding during storms or hurricanes. Under these
conditions some of the cottages have been floated off their foun-
dationg to the landward side of Salt Pond from whence they have
been recovered and replaced on the beach. Erosion of the beach
can he effectively prevented or reduced by maintenance of exist-
ing groins. Complete protection of the development on the beach
could be effected by construction of a fronting seawall, dike or
some other form of high barrier. A large measure of protection
could be provided by widening the existing beach, where needed,

by direct placement of sand fill on the beach or in stockpiles to
be distributed by wave action. Lengthening of existing groins to
reduce f£ill losses from a widened beach would probably be neces-
sary. Due to the type of use and the limited development involved,
construction of a high fronting barrier or placement of a wider
sand beach does not appear to be warranted. Raising the elevation
of Surf Drive or constructing a low seawall or barrier to reduce
landward movement of sand would be a sultable form of partial
protection for the road and the development behind 1t. The beach
itself is more suitable for use as e bathing ares than for cottage
development. It is, therefore, advisable to consider restricting
it to such use.

22. Felmouth Beach (Fast End). - The easterly 2,350 feet of
Falmouth Beach is owned by the town of Falmouth and it is used as
& public bathing beach. There is a parking lot at the west end
and a bathhouse and & parking lot at the east end. The shore is
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bordered by a town road with residences along 1ts landwerd side.
The beach width between the high water line and the shore road
increases eastward from about 70 to 160 feet. The beach composition
is finer to the east. It comsists of coarse and medium sand with
the backshore partially covered with low-grassed sand dunes. Two
stone jetties across the beach train the flow of a culvert which
drains Siders Pond. There are two shore-comnected curved stone
breakwaters at the east end of this shore which act as a littoral
barrier impounding & sand beach to the west. The parking lot at
the bathhouse is protected by.stone revetment and a bulkhead. The
shoreline in 1961 was generally at or seaward of its position in
1845 indicating that the beach 1s stable or benefitting from accre-
tion. The beach is in good condition. Some landward movement of
sand over the shore road occurs as & result of wind or wave action
but the beach is generally wide enough to protect the development
landward of it from storm damages. It is possible that due to
lack of & natural source of supply of beach bullding materials
that erovsion and recession of the shore may occur at some future
time. 1o this event, the sand besch could be meintained by place-
ment of sand fill either directly on the beach or in stockpiles
located to the west to be distributed by eastward drifting. There
18 no present apparent ne=d for such nourishment. Drifting of
sand and formstion of & sand bar between the Jetties at the Siders
Pond culvert periodically stops the drainage causing a problem of
local concern. Correction of this problem could be effected by
elther seaward extension of the Jetties to prevent drifting of
sand around their ends or by seaward extension of the drain.
Extension of the jetties or drain out to s depth of six feet would
probably be adequate. The extension of the Jetties by interfering
with the patural drifting of sand might have an adverse effect on
the adjacent shore. The drain extension would have the advantage
of permittiog free movement of sand along the beach over the cul-
vert and eliminstion of the need for jetties.

23. Betweso falmouth Beach and Felmouth Inner Harbor. - The
shure extending eastward sbout 2 L00 feel from Falmouth Beach to
the west Jutty at the Falmouth Ioner Harbor entrance is privately
owrked o Uevelomment coasists of residences generally located well
tabind the shoreline, The development and the shore are protected
by & varlety of structures cousisting of stone mounds, riprap revet-
meut . stone, timber and coucrete groins and stone and concrete walls.

Alung the west end of the aresa s stone mound is located at the shore-~

ine with no froatiog besash.  In the caotral portion of the area
there 1w sand beach about b feet wide rronting protective struc-
Parar At 1his beach width dncredases castward to about 150 feet at
the biaroor Jetfty,  The besh is compused of Coarse to medium sand,
Vit gradellon floer to the sast. During periods prior to 19kl,

Lher shore, exospt adjacent to the wesi Jetty, has receded up to
About 1 fout per year., The west detty, constructed in 1909 resulted
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PHOTO 4 FALMOUTH HEIGHTS, Nov 27, 1961 -
From Falmouth Inner Harbor entrance to
bluffs.

PHOTO 5 FALMOUTH HEIGHTS, Nov 27, 1961 -

The bluffs, Casino and public bathingbeach



PHOTO 6 FALMOUTH HEIGHTS, Aug 26, 1962. - Sunday attendance at the public bathing beach.




in accretion sdjescent to it of about 150 feet to 1941 and another
100 feet up to 1961. No other significant changes occurred within
the area from 1941 to 1961 indicating thet existing structures have
ptabllized the shore. If additional protection is desired, it can
be effected by direct placement of sand fill along the shore to
provide a wider sand beach. The use of a stockplle west of the
area would probably not be effective due to the existence of the
breakwaters at Falmouth Beach which act as a littoral barrier.
Eastward drifing of sand placed along the shore could result in
narrowing of the west end of the £ill and filling of the west Jetty
at the Falmouth Inner Harbor entrance to the limlt of its impound-
ing capacity with consequent movement of sand around the jeity
into the harbor entrance. Prevention of harbor shoaling under
these conditions would require extension of the Jetty. Eestward
drifting could be reduced by construction of groins west of the
jetty to hold a beach of the desired width. This might eliminate
the need for extension of the jJetty. Under conditions of present
use, existing structures, if maintained, should provide adequate
protection for the development although during exceptional storms
or hurricanes overtopping and flooding could occur.

2h. Falmouth Heights. - The shore of Falmouth Heights with
e length of 5,450 feet borders shore roads between the Falmouth
Inntr Harbor east jetty and the culvert at the Little Pond inlet.
The westerly 150 feet adjacent to the stone jetty is a town beach
provided with a public parking area. The privwie bathing beach
for sbout 1,000 feet to the east is occupiled by a motel at lts
west end. The shore east of the motel is accessible from the
shore road and it is used by the public for bathing. Mortared
stone revetment protects the motel and dumped riprep protects the
shore road. The town of Falmouth owns the next 3,450 feet of shore
to the east except for 230 feet at a theatre, the Casino, which 1s
private. This public shore extends around the base of the steeply
sloping face of a bluff for about 1,800 feet and thence along a
town bathing beach. The bluff is protected by & low concrete wall
around its base with riprap along its toe and stone revetment on
the slope above the wall along its eastern portion. There is a
low stone groiln at the west end of the bluff and another at the
east end. The Casino is protected by dumped riprap. There are
three stone groins along the public bathing beach and a ¢oncrete
seawall fronting & park area behind it. The shore extending 850
feet east of the public bathing beach is private except for the
culvert and inclosing stone Jettles at Little Pond which belong
to the town. The west half of this private beach 1s occupied by
residences and the east half is an undeveloped barrler bar. The
residences are fronted by concrete walls and three stone groilns
and the road along the barrier bar is fronted by & concrete wall
or dumped riprap. Development landward .of the entire Falmouth
Heights shorefront consists of residences, summer hotels and inns.
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25. The beach 1s composed of sand varying from fine to coarse
and small smounts of gravel. The width above high water varies con-
siderably.. It 1s 70 to 80 feet along the west end with little or no
beach around the base of the adjoining bluff, 90 to 165 feet mlong
the public bathing beach and 40 to 90 feet along the private shore
to the east. During different periods between 1845 and 1941, com-
perative shoreline locations indicate that the shore has receded
about one-half to one and one-half feet per year. Due to plaecement
in connectlon with a Federal navigstion improvement of approximately
120,000 cubic yards of sand fill dredged from Falmouth Inner Harbor
along the shore of the Felmouth Heights bluffs during 1957 and sub-
sequent drifting, the 1961 locations of the high water line along
all of the area were generally seaward of their 1941 positions.

The fill was ercded rapidly from the area of plecement and nourished
adjacent shores. This created the present wide sandy public bath-
ing beach east of the bluffs and probably also resulted in widening
of the shore west of the bluffs. The beneficial effect which was
obtalned by placement of dredged fill along the shore of the bluff
between Vernon and Walden Avenues during 1957 indicates thet stock-
piling send at this location is a sultable method for nourshing the
adjacent beaches. Therefore, 1t is desireble that sand fill from
future harbor meintenance, estimated to average 7,500 cubic yards
per year, be placed on the beach east of the entrance. The rapid
erosion of fill from the ares of placement indicates that sand 11
placed to provide a protective beach for the bluffs would have to
be replaced frequently.

26. Due to erosion and narrowing of the beach, the concrete
seawall fronting the bluff is subject to damages from wave attack
and undermining. Erosion of parts of the unprotected face of the
bluff above the wall occurs but this erosion is due more to surface
runoff than to overtopping. Protection agalnst undermining and
wave attack can be provided by placement of additional riprap along
the toe of the wall. Erosion of the bluff above the wall can be
prevented by interception or comtrol of surface runoff and by extend-
ing the existing stone slope protection. A typlcal section showing
this type of protection is shown on Plate 11.

27. Additional recreational beach area can be provided if
needed for public recreational use along the private shore between
Falmouth Inner Harbor and the bluffs to the east by placement of
sand fill to widen the beach and enlargement of the existing groin
at the east limit of the fill to reduce losses by eastwsrd drift-
ing. This widening would provide protection for the backshore in
addition to recreationel area. Enlargement of the groin, however,
would decrease the supply of material to the public beach east of
the bluffs until the groin was filled to the limit of its Impounding
capacity. Some losses of beach materisl occur by westward drifting
around the Falmouth Inner Harbor east Jetty resulting in shoaling
of the harbor entrance. These losses and the harbor shoaling can
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PHOTO 7 FALMOUTH HEIGHTS, LITTLE POND
AND MARA VISTA - Nov 27, 1961

PHOTO 8 MARA VISTA AND GREAT POND INLET

Nov 27, 1961



be reduced by seaward extension of the jetty. A plan of dimprovement
and protection consisting of beach widening by fill placement,
enlargement of the existing groin at the east limit of the fill and
ekXtension of the east jetty at the herbor entrance is shown on
Plate 11.

28. Maintenance of the existing groins and replacement of
sand fill losses, when needed, is a practicable method of main-
taining the public bathing beach. The private shore at the east
end of this area is being nourished by eastward drifting sand from
the adjecent shore. Residences here arenow adequately protected.
Some overtopplng of the low road fronting Little Pond occurs.
Construction of a barrier to provide complete protection does
not appear to be warranted. Ralsing the shore road or construct-
ing a low wall along 1ts landward side would provide partial pro-
tection which appears to be all that is warranted under present
conditions of use.

29. Mara Vista. - The shore of Mara Viste extends approx-
imately 2,500 feet from the Little Pond drainage culvert to Great
Pond Inlet. At its ends, it consists of low baymouth bars front-
Ing Little and Great Ponds. The shore is privately owned. Devel-
opment consiasts of cottages and resldences concentrated between
the ponds on both the landward and seaward sides of a low road
which ¢losely borders the shore. The only buildings on the
barrier hars are located on the landward side of the road front-
ing the west end of Great Pond. The beach between the high water
line and the shore road varies in width from 50 to 90 feet front-
ing Little Pond end from 80 to 90 feet fronting Great Pond,
increasing to 200 feet at the Jetty at Great Pond Inlet. There
is no beach fronting the development between the ponds which is
protected by concrete walls, some with riprap revetment at their
toes, and Py concrete and stone groins. West of the development
protectlive structures consist of the stone jetties at the culvert,
a stone groin and the remains of concrete walls. To the east of
the shore development, shore protection consists of rows of wood
piles, dumped riprap, timber bulkheads and groins, low concrete
walls and stone groins. The remalns of protective works and
abandoned concrete foundations along the barrier bars are mute
evidence of former development. The barrier bars are composed
mostly of sand varying from fine to coarse and some gravel.

There are grassed sand dunes in the backshore east of the shore
cottagee. Bome of the area landward of the shore road in the
Great Pond section is the result of filling. Shoreline changes
from 1845 to 1941 generally consisted of recession averaging
sbout 1 to 1-1/2 feet per year. Since 1941, shoreline changes
have consisted 5f a small amount of accretion at the west end
and recession at the east end of the area with little change
along most ©f the shore. The entire area is low and subject to
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overtopping and wave attack during storms. Landward movement of
beach material over the barrier bars can cover the shore road and
damage it and any development on the bars. Due to the lack of a
fronting beach, waves can break on and overtop protective struc-
tures fronting the shore cottages. The small amount of change in
the shoreline position since 1941 indicates that the existing
groins and walls have been successful in controlling recession of
the shore. Complete protection of the area would require the
construction of a high-fronting seawall or other berrier to prevent
damaging wave attack, overtopping and landward movement of beach
material. BSuch construction is not warranted by the limited amount
of development which would benefit. In their present condition,
the barrier bars are unsuitable for residential development due
to their low elevation and consequent vulnerability to storm
demages. Consideration was given to providing partial protection
for this entire area by placement of sand fill to create a wider
protective beach and construction of groins to retain or reduce
losses of the fill. The beach could also be widened and nourished
by placement of sand in a stockpile at the west end of the area
and allowed to be distributed eastward along the shore by wave
action. Extension of the west Jetty at the Great Pond Inlet
would be required to impound drifting sand and protect the inlet
from shoaling. Use of the stockpile method of nourishment would
result in higher rates of loss of the fill and require more
frequent replenlshment of the fill than if groins are used. Due
to the steep foreshore slope and the proximity of comparatively
deep water 1n the offghore ares, the cost of the types of pro-
tection involwving beach widening would probably be higher than
warranted by prospective benefits. Partial protection for the
shore road against overtopping and drifting sand san be provided
by construction of & low wall slong the seaward edge of the road
vwhere existing structures are not sdequate for this purpose as
shown on Plate 1l. Maintenance af existing seawslls, groins and
other structures should provide adequate protection for the shore
residential development and for the ssmdy beaches under ordinary
conditions but damages will occur during exceptionally severe
storms.

30. Acapesket. - The Acapesket shore located between the
Jetties at the Great and Green Pond Inlets has a length of approxi-
mately 2,750 feet. Ownership is entirely private. Development
consists of cottages on the landward side of the shore road along
the westerly third of the ares and on bvoth sides in the centwal
portion. The barrier bar fronting Green Pond along the easterly
third of the shore is undeveloped. The beach is composed of medium
and coarse sand and some gravel. TIts width above high whter weries
irregularly., There is little or no beach along the west end where
the shore road, closely bordering the shore, is protected by rip-
rap, and a curved face precast concrete block well and stone groins.
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PHOTO 9 ACAPESKET, Nov 27, 1961 - Great Pond

in background

PHOTO 10 DAVISVILLE AND BOURNES POND
INLET - Nov 27, 1961




In the central portion, the sand beach varies from 0 to 80 feet,
the greater width at the west sides of stone groins. In this srea,
cottages on the seaward side of the shore road are protected by
stone groins, a stone mound, riprap and timber bulkheads. The
barrier bar fronting Green Pond has a width of 200 to 300 feet and
it is partially covered with grassed sand dunes. Shoreline changes
along the entire Acapesket shore have been large over the period of
record. Between 1845 and 1941, the shoreline receded at an average
rate of 2 to 4 feet per year, the larger recession along the east
half. From 1941 to 1961 the barrier bar fronting Green Pond and

a segment of shore adjacent to the Great Pond Inlet receded up to
gbout 200 feet more while changes along the rest of the ares were
comparatively small. Due to the narrowness of the beach fronting
the shore road and the shore cottage development, the area is
subject to demages from erosion, wave attack and overtopping.

Some settlement of the precast concrete hlock wall which protects
the shore road has occurred and the lawns fronting cottages are
subject to erosion resulting from overtopping of the beach and
existlng protective structures. A large measure of protection is
already afforded by existing protective works. Complete protection
could be provided by construction of higher walls or barriers and
armoring the shore with more riprap revetment. Due to the limited
development which would benefit, provision of complete protection
does not sppear to be warrented. Partial protection can be pro-
vided by placement of a wider protective sand beach. The high

rate of past shoreline recessicn indicates that beach fill mate-
rial would be lost at a fairly rapid rate and that construction

of grolns to reduce fill losees would be necessary. A plan of
protection involving placement of a wilider protective sand beach
and enlargemeht of existing groins to reduce fill losees has

been developed in the event that prospective use ox’ benefits

should warrant such construction. The plan: is shown on FPlate 1l1.
Meintenance of the existing system of protective works should
generslly provide the type of protection needed under present
conditions of use.

31l. Davisville. - The Davisville shore is located between
the QGreen and Bournes Pond Inlets. It has & length of approxi-
mately 2,950 feet. Except for two town street ends, the ares is
privately owned. Development consists of summer residences which
closely border the shore., The beach 1s composed mostly of medium
send and some coarse sand and gravel. At the west end, the area
is an undeveloped barrier bar about 200 feet wlde fronting Green
Pond. The beach width above high water to the east along the
residential development varies irregularly in front of lawns and
protective structures from O up to 90 feet and it widens to 125
feet in front of a grass-covered dune end stone mound at the east
end. The development is fronted by a continuous system of pro-
tective structures consisting of stone mounds, timber bulkheads
and piles, riprap revetment and stone, timber and concrete groins.
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During the period of record, from 1845 to 1941, the shoreline
receded an average of 1 to 4 feet per year, with the largest shore
loss at the west end. Since 1941, recession generally less than
25 feet, occurred along the west helf and a seaward shoreline move-
ment of 25 to 50 feet occurred along the emst half of the shore.
The reduction in the rate of shore recesslon and the aceretion
which has occurred since 1941 indicates that the existing protective
structures have been successful in controlling erosion. Some erosion
of the low bluff and lawmsbehind the beach occurs where the bluff
has not been protected. Armoring the bluff by construction of
stone mounds or placement of riprap revetment has provided effec-
tive protection in this area. The groins have been effective in
reducing erosion. In the absence of natural sources of supply

of beach bullding materials, these methods would not provide an
adequate width of fronting protective sand beach. Unless such a
supply is furnished, losses of the existing sand beach will grad-
ually expose the area to more severe wave attack and require the
construction of increasingly stronger protective works. A pro-
tective sand beach can be provided by direct placement of sand
fill. Construction of groins would be necessary to reduce rspid
losses of the fill. A plan of protection and improvement involving
beach widening by fill placement, construction of a jetty at the
Bournes Pond Inlet and construction of two new grolns has been
developed for possible future use and it is shown on Plate 12.
Beach widening can also be effected by placing sand fill at the
west end of the area and allowing it to nourish the shore by
eastward drifting. Construction of a Jetty would be required at
the east end of the ares to impound drifting sand and protect
Bournes Pond Inlet from shoaling. This method of nourishment
would be accompanied by a higher rate of loss of fill than the plan
involving groin construction. Under present conditions of use and
exposure, maintenasnce of existing or construction of additional
seawhlls, stone mounds, revetments or groins should provide adequate
protection.

32. Menauhent. - The Menauhant shore, located between the
Bournes Pond and Eel Pond Inlets consists of 1,850 feet of town-
owned public bathing beach and 1,500 feet of privately-owned
shore. 'The public beach is on & low sandy barrier bar fronting
Bournes Pond. The road on the bar is protected by dumped riprap
where it closely borders the shore. The fronting sandy beach varies
irregularly in width from about 130 to 20 feet and it is protected
by & series of 4 stone groins. There are no buildings on the bar.
The private shore to the east is protected by 3 stone groins and a
stone jetty at the Eel Pond Inlet, the two westerly structures
fronting & residential development, the other two on an undeveloped
sandy barrier bar at Eel Pond. There is a stone mound fronting the
residential development with 1little or no width of sandy beach in
front of the mound. The samdly barrier bar at Eel Pond is about 200
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PHOTO 11 MENAUHANT BEACH, Aug 26, 1962 -
Sunday attendance at the public bathing
beach.

PHOTO 12 MENAUHANT, Nov 27, 1961. - Low

shore between Bournes and Eel Ponds



feet wide. Except for one residence, all bulldings are located on
the landward side of the shore road. Between 1845 and 1942, the
entire shore receded et an average rate of 1 to 3 feet per year.
From 1942 to 1961, along the west half of the Menauhant shore,
there wes a seaward shoreline movement of 25 to 50 feet and during
the same period the shore fronting Eel Pond receded a similar
amount. The beach and barrier bars are low in glevation and sub-
ject to overtopping during storms accompanled by high tides.
Damages occur along the residential development and the public
shore area to the west where beach meterial moves landwaxrd over
the shore road and onto lawns. The road is subject to damages
from wave atitack where the beach width is inadequate to provide
protection. Some erosion of lawn areas also occurs. Consideration
has been given by local interests to construction of a new bridge
over Bournes Pond Inlet and relocation of the Menauhant shore road
at a higher elevation along the landward side of the barrier bar.
This would make it possible to provide complete protection for the
roed without interfering with or impairing the recreational use of
the heach. Complete protection can be provided for the entire
shore ares by construction of high seawalls or other barriers sea-
ward of the shore road and bulldings but this is not warranted by
the limited development which would benefit. Improvement and
partial protection of the public shore and road and the private
development can be provided by placement of sand fill to create

& wilider sand beach and construction of & low seawall along the
seaward edge of the road. The history of recession of the

shore indicates that groins would be required to reduce the

rapld lose of the f£ill. A plan of protection and improvement
involving beach widening along the private residentlial area

and the narrow portion of the adjacent public bathing beach,

the construction of a low seawsll and the enlargement of three
existing groine to reduce losses of the beach material has

been developed for use in the event that future development or
recreational use of the shore should werrant it. The plan is
shown on Plate 12. The beach could also be widened and nourished
by placing a stockpile of sand at the west end of the area and
allowing the sand to drift eastward. Losses of fill would be
higher using this method than with the fill plan lnvolving groin
construction. Maintenance of existing protectlive structures
appears to be all thet 1s warranted for present or prospective
use of the baririer bar fronting Eel FPond.

33. Washburn Island. ~ The seaward end of Washburn Island
is a sandy barrier bar extending ebout 5,800 feet from the
entrance to Eel Pond to the entrance to Waquolt Bay. It is
privately owned and completely undeveloped. There is & limited
amount of development on that portion of the island extending
northward from the beach. The bar increases in width from
west to east from about 200 to about 1,000 feet and thence
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decreases to about 400 feet at the Waquoit Bay Inlet. The shoreline
from Menauhant to Washburn Island was continuous during 1845 and
1891. An opening into Eel Pond during the period 1938-1941 separated
these two beaches, as at present, but a shoreline map shows a con-
tinuous shoreline here during 1942. The entire shoreline of Wash-
burn Islend receded at a rate of about 2 feet per year between 1845
and 1891. From 1891 to 1942 the shoreline receded about 200 feet
at its west end and moved seaward about 300 feet at the Waquolt
Bay entrance with the amount of change decreasing from the ends to
an area of no change near the center. This pattern of shoreline
movement continued from 1942 to 1961 resulting in a recession of
about 500 feet more at the Eel Pond entrance and accretion of
another 100 feet at the Waquoit Bay entrance. The accretion at

the east end of the area is attributed to Impounding of drifting
beach material by construction of a Jetty at the west side of the
Waquoilt Bay Inlet in 1937. The retreat of the west end of the
barrier bar has left three stone groins which were built here,
stranded offshore. The west end of the ares 1s considered to

be unsultable for development at the present time due to the
rapldlty and magnitude of changes which have occurred. In the
event that the wider, more stable east end of the island is
developed, a safe escape road which would not be blocked or made
unusable during storms or hurricanes should be provided. If

future development requires it, this entire beach can be maintained
by placing s stockpile of sand at its west end and 8llowing it to
be moved eastward by wave action to nourish the shore. Beach
material would be impounded by the west jetty at the Wagquoit Bay
entrance. Stabllization of the west end of the beach could be
effected by construction of a jetty at the Eel Pond entrance west
of' the stockpile and a bulkhead or other barrier to landward
movement, from the jetty eastward behind the stockpile or behind

the beach. Due to the leck of any development in the immediate
area, there igs no present need for the construction of protective
works. The need for protective works for any fubture development
can be elminated or greatly reduced by proper plenning so as to
locate buildings or édther structures a safe distance landward of
the shoreline.

PART V - ECONCMIC ANALYSIS

34. PFirst Costs. - Detalled estimates of costs are included
in Appendix I. First costs have been estimated for all projects
Tor which detailed plans have been developed. Estimates are based
on price levels prevailing during July 1962. Detalled plans have
been developed for the locations tabulated below:
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PHOTO 13 EEL POND INLET, Nov 27, 1961 - Three
groins stranded offshore by retreat of
west end of Washburn Island

PHOTO 14 WASHBURN ISLAND, Nov 27, 1961 -

Extends westward from Waquoit Bay
jettied inlet



Shore Paragraph

Location Ownership Reference |[Plate No.

Shore between Nobska

Point and Fslmouth Besach | Private 19 11
Falmouth Heights

(West End) Public & Private 20 11
Falmouth Heights

(Central Portion) Public 21 11
Mara Vista Private 29 11
Acapesket Private 30 11
Davisgville Public & Private 3L 12
Menauhant Public & Private 32 12

The estimated total costs or costs per linear foot for construction
of the projects developéd in detall are tabulated below:

) T X Cost
Project Work Items Per Linear Footi
Between Nobska Point Stone Mund and
and Falmouth Beach Slope Protection $ 81.00
Totel Cost
Falmouth Helghts Groin and Jetty
(West End) Enlargement and
Beach Fill $ 89,000
Felmouth Helghts Stone Revetment and
(Centrel Portion) _Blope Protection 483,000
Mara Vista Concrete Wall 28,000
Acapesket Enlargement of 4
Groins and Beach Fill 278,000
Davisville Construction of Jetty,
2 @Grolns and Beach Fill 207,000
Menauhant Enlergement of 3 Groilns,
Beach Fill and Concrete
Wall 165,000
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35. Annual Charges. ~ All estimated annual charges have been
computed as non-Federsl annual charges. An interest rate of 3.5%
has been used. A useful life of 50 years has been assumed in deter-
mining amortization charges. Maintenance estimates for beach fills
are generally based on the maximum rates of loss determined from
pmst shore recession. A shore recession of 2 feet per year was
assumed for the f£ill area at Falmouth Heights. It has been .assumed
that the proposed groin and jetty construction will reduce the rate
of loss of beach fill by 50 percent. Estimated anmusal cogts,
computed in detail in Appendix I, are as follows:

Total Per
Location Interest | Amortization | Maintenance | Linesr Foot
Between Nobska Poinf
and Falmouth Beach [$§ 2.80 0.60 0.60{$ .00
Total
Falmouth Heights '
(West End) 3,100 TO0 2,100 5,900
Falmouth Helghts
(Central Portion) 1,700 370 510 2,580
Mars Vista 1,000 200 300 1,500
Acapesket 9,700 2,100 3,800 15,600
Davisville 75250 1,580 2,770 11,600
Menauhant 6,800 1,400 3,300 11,500

36. Benefits. - Benefits have not been evaluated since economlc
Justification was apparently lacking or the benefits are not of a
type to make the projects eligible for Federal aid under existing
Federal policy. The protection between Nobska Point end Falmouth
Beach is for privete property and the benefits to be derived are
wholly private. The projects for the west end of Falmouth Heights
and for Menauhent are for shores which are partly public and partly
private. The projects would enlarge the beaches for recreatiohal
use and would result in minor public benefits from protection of
the shore roads. Lengthening the Falmouth Inner Harbor East Jetty
would reduce harbor shoaling. The beach areas involved are adequate
for present recreational use. No recreational benefits can be
evaluated for present ortprospective use based on available informa-
tion. The central portion of Felmouth Heights is publicly owned.
Public benefits from prevention of erosion of the bluff would have
a smell monetary value which would not be sufficient for economic

26



justification., The Acapesket shore is all privately owned.
Benefits would be principally private, consisting of prevention
of erosion and storm damages to the private residential develop=
ment. Some minor public benefits would result from protection
of the shore road but these benefits would have only a small
monetary value. The Davisville shore is principally private

and benefits would be almost entirely private, consisting of
prevention of erosion and storm damages to the private resi-
dentlal development,

37. Apportionment of Costs. - Public Law 826, 8Lth Congress,
agtablished a policy of Federal aid for restoration and protection
against erosion of the shores of the United States, its territories
and possessions. Private shores are eligible for Federal assist-
ance if there is a benefit such as that arising from public use
or from protection of nearby public property, or if the benefits
to those shores are incidental to the project. The benefits
which could be evaluated for protection or improvement of public
shores are insufficient for economic justification of the proj-
ects. Protection or improvement of private shores would not
result in significant public benefits. All estimated costs,
therefore, are apportioned as non-Federal costs.

38. Coordination With Other Agenciesg. - Coordination has
been maintained with the cooperating agency, the Division of
Waterways of the Massachusetts Department of Public Works and
with officials of the town of Falmouth. They furnished informa-
tion and data which were used in the conduct of the study. The
plans of protection were discussed with both during the progress
of the study and their comments were requested upon completion
of this report. The Massachusetts Water Resources Commission
was also informed concerning the report recommendations. The
Barnstable County Health Department furnished information con-
cerning bacterial tests of shore waters. The United States
Coast and Geocdetic Survey furnished maps, asrial photographs
and data on tidal observations. The views of the Federal and
State fish and wildlife agencies concerning aspects of the
study pertaining to their interests were requested.

39. Comments of Local Interests and Other Agencies. -
The Division of Waterways of the Massachusetts Department of
Public Works reviewed the findings of the study and concurred
in its conclusions. It stated that the results of the study
will be extremely useful in the future for use by the town
and the Commonweslth for planning projects within the areas
studied. The Massachusetts Division of Fisheries and Game,
based on its review of the study findings, advised that:

a. The proposed stone mounds, revetment and low walls
between Nobska Point and Falmouth Beach, at Falmouth Heights
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Bluffs and at Mara Vista would have no apparent adverse effect on the
fish and wildlife resources of the area nor do they afford opportunity
for their enhancement.

——

b. In the remaining proposed project areas there is
opportunity for enhancement by providing additional access vantages
for land-based marine sports fishermen. This could be accomplished
by constructing stone groins and jetties so as to facilitate public
fishing therefrom by minimizing voids and irregularities to permit
persons to walk on the structures.

¢. Emphasis should be placed on construction of the follow- |
ing structures in closest proximity to the salt pond openings where
desirable species of fish concentrate as a result of tidal flow:

The Falmouth Harbor east jetty

The west and east groins at Acapesket

The jetty at Davisville adjsacent to the
Bournes Pond opening

The east groin at Menauhant

d. Further opportunities for enhancement consisting of
habitat improvement could be realized by obtaining fill for beaches
from deepening of existing channels within adjacent salt ponds.
This would provide for a better exchange of tidal waters between
Vineyard Sound and the salt ponds and a subsequent improvement in
sport fishing conditiong.

8. The removal of beach £ill materialsg from other than
existing channels in salt ponds could be detrimental to marine
aquatic populations., All sport fishes are either directly or
indirectly depesndent upon the natural, undisturbed estuarins
environment for their existence. In fact, the winter flounder,
the most important speciss to the greatest number ¢f marine sport
fishernmen, would definitely be adversely affocted by the removal
and/or change of this habitat,

f. If dredging for fill is undertaken in existing
channels of salt ponds for beach fill, it is rccommended that
such not be conducted during the period from January 1 to April 1.
Inasmuch as winter flounder wtilize the salt ponds for spawning,
dredging and resultant siltation during this psriod could adversely
affect spawning success.

The United States Fish and Wildlife Service furnished a
conservation and development report prepared in cooperation with the
Massachusetts Division of Marine Figherieg and Division of Fisheries
and Gamg. This report in its entirety is included as Appendix L.
Principal comments on the proposed plans of protection were as
followss
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a. The proposed works would be situated in areas of
biological significance. Shellfish in the salt water ponds support
a commercial and recreational shell fishery of considerable sig-
nificance, Finfish resources support a highly valued sport fishery.
The evaluated benefits estimated from sport fishing from groins and
jetties which would be affected by the proposed projects are $36,000
annually in their existing condition, $91,500 with the proposed
projects and $127,500 if the proposed projects were modified by pro-
vision of parking areas and construction of structures to facilitate
fishermsn use.

b. Dredging offshore or from inland borrow pits to
obtain beach fill and construction of stone mounds or stone revet-
ments would not have any significant effect upon fish and wildlife
regources. Dredging from the ponds behind the beaches would be
damaging to the resources if fill were removed from certain areas.
Dredging of the marshland along the southwestern and western shores
of Green Pond would destroy habitat of special value to shorebirds.
Recommended dredging areas and shellfish habitat are shown on plans
of Falmouth Inner Harbor, Bournes Pond and Great Pond. Dredging
in indicated areas would enhance habitat conditions for finfish and
shellfish. The town should be notified 90 days in advance of dredg-
ing in Falmouth Inner Harbor or Great Pond to permit removal of
shellfish and dredging should be done between October 1 and January 1
in any pond of indicated significance to shellfish or waterfowl to
minimize siltation damages. Dredging should be done in such manner
that the seaward end of each channel be dredged through the offshore
shoals at the pond entrance to provide a continuous channel and
unimpeded interchange of waters between the ponds and the sound.
Marsh habitat or marshland should not be used as spoll areas, or
filled to provide parking areas, if convenient parking facilities
can be provided elsewhere, Parking areas should be constructed on
the land side of the road.

c. Due to access possibilities and use, potential
increase in sport fishery benefits would be most applicable to the
proposed construction or enlargement of the following groins or
Jetties:

Faimouth Harbor sast jetty

Groin 1200 feet east of Falmouth Harbor
Groin 1000 feet west of Green Pond

Two groins at Davisville

Bournss Pond west jetty

Three groins at Menauhant.

PART VI - CONCLUSIONS AND RECOMMENDATIONS

L4LO. Conclusions. - The Division Engineer concludes that the
following are practicable plans for protection and improvemsnt of
shore areas which merit consideration, all as shown on Plates 11-12.
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a. Between Nobgka Point and Falmouth Beach. - Construct
stone mounds or stone revetmsnt wherever needed for bluff protection.

b. Betwesn Falmouth Inner Harbor and Bluffs at Falmouth
Heights., ~ Widen 1,000 feet of beach by direct placement of sand
fill, lengthen Falmouth Harbor east jetty to 250-foot length,
enlarge and lengthen existing groin to 250-foot length.

¢. Falmouth Heights Bluffs, - Place additional riprap
revatment along the toe of approximately 1,450 feet of wall, place
stone revetment on approximately 750 feet of slope above the wall
and control surface runoff wherever nesded.

d. Mera Vista. - Construct low walls, approximately
1,900 feet long along the seaward side of the shore road.

6. Acapesket. - Widen 1,300 feet of beach by direct
placement of sand fill, enlarge and lengthen four (L) existing
groins to 345 to 510.foot lengths.

f. Davigville, ~ Widen 1,50C feet of beach by direct
placement of sand fill, construct a jetty 530 feet long and two
groins 340 and 510 feet long.

g. Menauhant. - Widen 1,600 feet of beach by direct
placemant of sand f£ill, construct a low wall 1,500 feet long,
enlarge and lengthen three (3) existing groins to 240 to 280-foot
lengths.

b1. The tip of Nobska Point is adequately protected by the
existing stone mound and stons slope revetment. Maintenance of
these protective works is =1l that is needed here,

L,2. Suitable protection for the low shore road east of the
tip of Nobska Point can be provided by maintenance of the existing
riprap revetment, Protection against overtopping, if desired, can
be provided by reconstructing the road at a higher elevation and
placing riprap revetment along the road embankment.

43. The shore between Nobska Point and Falmouth Inner Harbor
is, in general, suitably protected against erosion and shore
recession by existing protectlive works. Maintenance of existing
structures or construction of additional similar structures is all
that is needed at the present time. If it is desired or becomes
necessary in the future, the existing beaches in this area can be
improved, maintained or restored by placesent of sand £fill directly
on the beaches or in stockpiles %o be distributed by wave action.

Liie The use of stockpiles of sand placed at the shore to be
distributed by wave action is a suitable method for maintaining and
30
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improving the sand beaches at Falmouth Heights, Washburn Island and
from Nobska Point to and including Falmouth Beach. Direct placement
of sand fill along the beaches is probably more suitable than the
stockpile method for maintaining beaches at Acapesket, Davisvilie,
Menauhant and the shore between Falmouth Beach and Falmouth Inner
Harbor.

45. Barrier bars throughout the study area are generally
unsuitable for residential development due to their low elevation
and vulnerability to overtopplng and damages during severe storms
or hurricanes.

L6. Complete protection of low shore areas by high seawalls
or other barriers to prevent overtopping and consequent damages
during severe storms or hurricanes is not warranted by the limited
developments which would benefit.

47. Reconstruction or relocation of low shore rosds at higher
elevations landward of their present locations is & suitable means
for protecting the roads and the developments landward of them.

48. 1In the event that the public shore at the west end of
Falmouth Beach or the shore at Washburn Island are developed,
buildings or other structures should be located at a high enough
elevation or far enough landward to minimize damaging wave attack
which could occur during severe storms oxr hurricanes.

49. Due to the adequacy of public beach areas for present
recreational use, the lack of information to indicate the need for
additional area for prospective use, the small value of benefits
to be derived from protecting public rosds and public lands or the
private ownership and consequent private benefits to be derived
from protecting private property, the public interest, as required
by Public Lew 826, 8hth Congress, 1s insufficient to warrant ederal
participation in the cost of the projects considered.

50. Additionsal information on recommended or alternative
projects called for by Resolution 148, 85th Congress, lst Session,
adopted 28 January 1958 is contained in Appendix J to this report.

2l. Recommendations. - It is recommended that no project be
adopted by the United States at this time for the protection or
improvement of the shores of Falmouth, Massachusetts. It is
further recommended that protective measures which may be under-
taken by local interests based upon their determination of
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economic Justification be accomplished in accordance with plans and
methods consldered in this report.

P.C. HYZER
24 Incls Colonel, Corps of Engineers
12 Appendices Division Engineer

12 Plates
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APPENDIX A

DESCRIPTION ARD COMPOSITION OF BEACHES

1. General. - Detsiled descriptive data concerning the shore
1ine was obtained by field inspections. Descriptions of the shore
divided generally into aress in accordence with the physical char-
acter of shore features or the limits of public cownership are in-
cluded in the subparagraphs below in geographic sequence from
Nobsks Point to Waquoit Bay. Surfece samples of beach and near-
shore material were obtained in the cosstal area on selected pro-
files. Results of analyses of these samples are ineluded in Ap- .
pendix C. Locatlons of profiles are shown on Plates 2-4, inclusive.
Ground and aerial photographs were taken of the entire shore. Se-
lected photographs are included in the text of the report.

&. Nobska Polnt

(1) Location: West limit of the study srea.

(2) Shore length: 1,250 feet.

(3) Beasch Width Above H, W.: No sand beach. Water
line at sloping face of protective stone mound.

(k) Ownership: Town of Falmouth.
(5) Public Facilities: None.

(6) Composition of Shore: Stone faced glaclal ti11
and boulder headland.

(7) Protective Structures: Stone mound sround toe
of headlsnd and stone revetment on slope above the mound.

(8) Character of Development: Town road borders top
of bluff. United States Coast Guard Station on lend side of shore
rosd.

b. Nobska Point

(1) Location: East side of point north of Coast
Guerd Station.

(2) Shore Length: 950 feet.



(3) Beach Width Above H. W.: Ko sand beach along
southerly 300 feet o ore. an each width of about 50 feet in-
creasing northward to about 100 feet along rest of shore.

(4) Ownership: Private.

(5) Public Facilities: None

(6) Composition of Shore: Dumped riprap along south-
erly 300 feet of shore. Fine to medium sand beach with some gravel
north of the riprap. Low grass covered sand dunes in backshore of
north end of beach.

(7) Protective Structures: Dumped riprap close to
shore road along southerly 300 feet, Three stone groins, rough con-
dition.

(8) Character of Develoment: Residential on land
glde of shore road.

C. Between Nobska Point and Falmouth Beach

(1) Location: Northeast of and adjacent to Nobska
Point along the residential development located sesward of Beach
Road.

(2) shore Length: 4,500 feet.

(3) Beach Width Above H. W.: Varies from ebout 30
feet to 125 feet in front of existing structures, bluffs or dunes.
Generally wider at west side of groins.

(&) Ownership: Private.

(5) Publie Facilities: None

(6) Composition of Shore: Medium sand beach berm at
southwest end chenging to medium snd coarse sand, then coarse sand
and then coarse sand and gravel at the northeast end. Some gravel
on all the sand beach and scattered boulders offshore. The fore-
shore generally covered with gravel.

(7} Protective Structures: A series of stone groins
(10), three timber piers and a serles of disconnected protective
works consisting of a stone wall fronted with mortared stone revet-
ment, a timber bulkhead fronted with dumped riprap, a low stone
wall and varying lengths of sloping stone revetment along the toes
of bluffs.




(8) Character of Development: Residences located well
behind the shore.

d. Between Nobska Point and Felmouth Beach

(1) Location: 1,800 to 3,200 feet west of Oyster Fond.

(2) Shore Length: 1,400 feet.

(3) Beach Width Above H. W.: 50-60 feet.

(4) Ownership: Private.

(5) Public Facilities: None

(6) Composition of Shore: Medium sand, gravel and
cobbles. Blanket of gravel snd cobbles in foreshore. Beach berm
lergely covered with gravel)with sand under the gravel.

(7) Protective Structures: Stone groin at west limlt.
Timber pier near center of area.

(8) Charscter of Development: Railroad line behind
the beach. Residences behind the railroad line.

e. Falmouth Beach. (West End)

(1) Location: 400 to 1,800 feet west of Oyster Pond.

(2) Shore Length: 1,400 feet.
(3) Beach Width Above H. W.: About 50 feet.

(4) Owmership: Town of Falmouth.

(5) Public Facilities: None

(6) Composition of Shore: Gravel covered beach at
west end with increasing amounts of sand on the surface to the east .
Fine to medium send beach st east end sbove high water with fine
gravel deposit below high water.

(7) Protective Structures: Dumped riprap fronting a
portion of the railroad. :

(8) Character of Development: Residences landward of
the railroad and ponds.




f. Falmouth Beach (Central Portion)

(1) Location: Fronting Oyster and Salt Ponds and Surf
Drive.

(2) Shore Length: 4,850 feet.

(3) Beach Width Above H. W.: 70 feet at west end in
front of railroad, widens to about 140 feet at intersection of rail-
rosd and Surf Drive and then narrows to 20-30 feet in front of rip-
rap bordering Surf Drive at Oyster Pond. Varies irregularly between
100 and 20 feet along groin aystem from Oyster Pond and the Jettied
outlet to Selt Pond, then increases in width from 60 to 160 feet and
then decreases to about 70 feet along the cottege development from
the Salt Pond outlet to the east end of the area.

(4) Ownership: Private except for 50 feet at the jet-
tied ocutlet to Salt Pond which belongs to the Town of Falmouth.

(5) Public Facilitles: None

(6) Composition of Shore: Mostly a medium and coarse
sand beach covered with a scattered layer of fine gravel. The
gravel deposits diminish and cease at the east end of the area.
Some fine sand adjecent to the railrosd at the west end and grass
covered dunes in the backshore in the cottage area. Considersble
gravel in the foreshore along the westerly portions of the beach.

(7) Protective Structures: Dumped riprap or & low
concrete seswall along portions of the sesward edge of Surf Drive.
A system of seven (7) stome groins west of the Sslt Pond outlet.
Two stone jetties at the Salt Pond outlet and two timber plers at
the cottage area to the east. '

(8) Character of Development: Rallroad line on the
beach at west end and cottages on the beach on the seaward side of
Surf Drive to the esst. Residential development landward of Surf
Drive and the ponds.

g+ Falmouth Beach (Eastern Portion)

(1) Location: Between Salt Pond and Shore Avenue

(2) BShore Length: 2,350 feet.

(3) Beach Width Above H, W.: Increases from about
70 feet at west end to about 160 feet at the bathhouse.
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(4) Ownership: Town of Falmouth.

(5) Public Facilities: Parking aress at land side of
Surf Drive at west end. Bathhouse and parking area on the beach at
the east end. Lifegusrd stationms.

(6) Composition of Shore: Coarse sand at the west
end changing to medium ssnd at the east end. Some grass covered
sand dunes sbout five feet high in the backshore.

(7) Protective Structures: Two stone jetiles inclos-
ing a culvert draining Sliders Popd. Curved Jetties or breakwaters
pear the east end fronting the parking lot which ls protected by &
low concrete curb, mortared stone revetment and a concrete capped
steel sheet pile bulkhead.

(8) Charscter of Development: A public bathing beach.
Residences on the landward side of Surf Drive.

h. Between Falmouth Beach and Falmouth Inner Harbor

(1) Location: From Shore Avenue to the Fslmouth Har-
bor West Jetiy.

(2) Sbore Length: 2,400 feet.

(3) Beach Width Above H, W.: No sand beach fronting
revetment along west end. Narrow sand beach up to about 40 feet in
width in center of ares increasing eastwsrd to about 150 feet at the
Falmouth Harbor Jetiy.

(4) Ownership: Private.

(5) Public Facilities: None

(6) Composition of Shore: Ssnd beach gets finer to
east changing from coarse to medium sand. High grass covered sand
dune at east end at Jjetty.

(7) Protective Structures: From west to east protec-
tive structures consist of a sloping faced riprap mound; remains of
s concrete wall fronted by dumped riprap; & stone groin; short tim-
ber and stone groins fronting a mortared and dry stone mound; & con-
erete wall with short spur concrete groins; a curved and then vertical
faced concrete wall fronted by a stone groin; & row of boulders; walls
of concrete, stone, concrete and stone. There is & mortared stone
jetty st the east end at the Falmouth Harbor entrance.
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(8) Character of Davelorment: Residences,generally well
behind the shore.

1. Falmouth Heights (West End)

(1) Locetion: East of and adjecent to Falmouth Harbor

entrance.

(2) Shore Length: 1,150 feet,

(3) Beach Width Above H., W.: 70 to 80 feet,

(%) Ownership: 150 feet adjacent to the Falmouth Haxbor
Jetty belongs to Town of Falmouth. Remainder private,

(5) Public Facilities: Public parking and boat landing
area at Falmouth Harbor entrance.

(6) Composition of Shore: Medium send end small emount

of gravel.

(7) Protective Btructures: Stone Jetty at Falmouth Har-
bor entrance. Mortared stone revetment in front of motel. Dumped
riprap along the edge of the shore rosd.

(8) Character of Development: Public and private bath-
ing beach. Motel on the beach. Residential landward of the shore
road.

J. Fslmouth Heights Public Beach (West Part)

(1) Location: West of and adjacent to the Cagino,

(2) Shore Length: 1,800 feet.

(3) Beach Width Above H, W.: Little or no sand beach
fronting most of the area. A sand beach widens eastward at the east
end of the area to sbout 165 feet in the vicinity of the groin near
the Casino.

(%) Ownership: Town of Falmouth.

(5) Public Facilities: Lifeguard station east end.

(6) Composition of Shore: Boulders and riprap along
most of shore. Medium sand beach with emall amount of gravel along
easterly end,
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(7) Protective Structures: Stone groin near each end.
A concrete wall fronted with dumped riprap at toe of bluff along

most of the area. Stone slope revetment above the wall along the
eastern portion.

(8) Character of Development: Residences, inns and
summer hotels landward of the shore road.

k. Falmouth Heights Public Beach (Emst Part)

(1) Location: East of snd including the Casino.

(2) Shore Length: 1,650 feet.

(3} Beach Width Above H. W.: 120 feet at the west end,
165 feet in the middle and about 90 feet at the east end.

(4) Ownership: About 230' at the Casino is private.
The remainder belongs to the Town of Falmouth.

(5) Public Facilities: Lifeguard pletforms, concrete
ramps and steps from sea wall down to beach and & walk and park
benches behind the wall.

(6) Composition of Shore: Fine, medium and coarse
sand and gravel at the west end. Fine, medium and coarse sand at
the east end.

(7} Protective Structures: Riprap around the Casino
and a concrete sea wall east of the riprap fronting a park area be-
hind the sand beach. Three stone groins along the beach.

(8) Character of Development: A public bathing beach
with a theatre at the west end and residences and inng letdward of
the shore road.

1. Falmouth Heights (East End)

(1) Location: From the east end of the public beach
to the culvert at the Little Pond inlet.

(2) sShore Length: 850 feet.

(3) Beach Width Above H., W.: Decresses eastward
from about 90 to 75 feet fronting residences and to 40 feet along
the road fronting Little Pond. Wideas to 60 feet at the west side
of the Little Pond culvert.
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(4) Ownership: Private, except for jettied culvert
opening at Little Pond which belongs to the Town of Falmouth.

{(5) Public Facilities: None

(6) Composition of Shore: Medium and cosrse sand and
a2 emall amount of gravel.

(7) Protective Structures: A concrete wall, three (3)
stone groins and a timber pier along the residential development.
A concrete wall snd/or riprap revetment along the road fronting
Little Pond. Stone jJetties flanking Little Pond culvert.

(8) Character of Development: Residential along west
half. Shore rosd on barrier bar along east half.

m. Mara Vista

(1) Location: Between Little Pond culvert and CGreat
Pond Inlet.

(2) BShore Length: 2,400 feet.

(3) Beach Width Above H. W.: Increases eastward from
about 50 to 90 feet in front of shore road on Little Pond barrier
beach. None fronting residences and cottages located on the beach
east of Little Pond and 80 to 90 feet east of these residences in-
creasing to 200 feet at the Great Pond jetty.

(4) Ownership: Private.

(5) Public Facilities: None

(6) Composition of Shore: Medium sand at the west
end with some gravel near the culvert. Medium and coarse sand and
increasing quantities of gravel to the east. Grassed sand dunes in
the backshore east of the shore residences.

(7) Protective Structures: Stone jJetties at each end.
A stone groin and the remains of concrete walls west of the shore
cottages. Concrete walle with fronting stone revetment, timber,
concrete and stone groins in front of shore cottages. Row of wood
piles, dumped riprasp, timber bulkhesds and groins, low concrete
walle and stone grolns east of the shore cotiages.




(8) Character of Development: Cottages and residences
on and behind the beach in the central portion of the area. None on
the barrier bars fronting the ponds at the ends of the area.

n. Acspesket
(1) Location: Between Great Pond and Green Pond Inlets.

(2) Shore Length: 2,750 feet.

(3) Beach Width Above H. W.: Little or none frqntihg
riprap revetment from the Great Pond jetty to the 2nd groin to the
east; thence two sandy pockets 30 to TS5 feet wide, the greater width
at the west side of groins; thence a stone mound at the water edge
and a sand beach widening to sbout 80 feet at the groin at the east
end of the shore residemces; thence a barrier bar 200-300 feet wide
fronting Green Pond west of the inlet Jetty.

(4) Owmership: Private.

(5) Public Facilities: None

(6) Composition of Shore: Sandy beach areas consist
of medium sand at the west end and medium and coarse sand in the
central and eastern portion with small smounts of gravel in the en-
tire ares. The barrier bar fronting Green Pond ig grass covered.

(7) Protective Structures: Stone jetties at each end
and five (5) stone groins in between. Dumped riprap and precast
curved face concrete block wall fronted by riprap revetment along
edge of road along the westerly third of the area. A stone mound,
dumped riprap with a row of wood piles and a timber bulkhead front-
ing shore residences in the central part of the area.

(8) Charscter of Development: Cottages on the land-
ward side of the shore road along the westerly third of the area
snd on both sides of the shore road in the central portion. No de-
veloyment on the barrier bar fronting Green Pond.

0. Davisville

(1) Location: Between Green Pond and Bournes Pond
Inlets.

(2) Shore Lemgth: 2,950 feet.
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(3) Beach Width Above H. W.: A barrier bar about 200
feet wide fronting Green Pond; thence beach width varies irregulerly
to the east in front of protective structures and lawns at shore
cottages from about O to 90 feet. At the east end the beach is 90
to 125 feet wide In front of a grass covered sand dune and stone
mound.,

(4) Ownership: Private except for two town owned
street ends at Davie Reck Road and Davisville ERoad.

(5) Public Facilities: None

(6) Composition of Shore: Generslly medium sand.
Coarse snd medium ssnd at each end with some gravel at the east end.

(7) Protective Structures: B8Stone Jjetty and timber
bulkhesd at Green Pond Inlet. Varilous types of structures in front
of the shore cottages conslsting of stone mounds, timber bulkheads,
riprap revetment, timber piles and a series of groina of atone,
timber and concrete.

(8) Character of Development: Summer residences
closely bordering the shore.

p. Menauhant (West Portion)

(1) Location: East of and adjacent to Bournes Pond
Inlet.

(2) Shore Length: 1,850 feet.

(3) Beach Width Above H. W.: About 130 feet to shore
road at the west end decreasing to sbout 80 feet at the second
groin to the east, to 20 feet fronting riprap between the second
and third groins, 60 feet at the third groin and 110 feet at the
west side of the groin at the east end.

(4) Ownership: Towun of Falmouth.

(5) Public Facilities: Parking area and lifeguard
stand. :

- (6) Composition of Shore: Mostly medium sand with
some coarse sand at both ends. Grass covered sand dunes behind a
small pert of the wider westerly end of the beach.
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(7) Protective Structures: Four (14) stone groins. Re-
mains of timber bulkhead and groins, dumped riprep along the edge of
some of the road and two short flanked timber groins.

(8) Character of Development: A public bathing beach.

No buildings.

g. Menauvhant (East Portion)

(1) Location: Between the town bathing beach and the
Eel Pond Inlet.

(2) Shore Length: 1,500 feet.

(3) Beach Width Above H. W.: About 110 feet at the
west end. No Baud beach im front of protective structures along the
shore along the residential development snd a sandy beach snd barrier
bar about 200 feet wide at the east end of the area at Eel Pond.

(4) Ownership: Private.

(5) Public Facilities: None

(6) Composition of Shore: Medium and coarse sand with
material coarser in the tidal zone.

(7) Protective Structures: A stone mound alongshore
in the vicinity of the high water line and two fronting stone groins
- along the resldential development. A stone groin on the barrier bar
to the east and a stone Jetty at the Eel Pond Inlet.

. (8) Character of Development: Residential on and be-
hind the shore between Bournes and Eel Pond.

r. Washburn Island
(1) Location: Between Eel Pond end Waquoit Bay Inlets.

(2) Shore Length: 5,800 feet.

(3) Beach Width Above H. W.: A sandy barrier bar vary-
ing from 200 to 1,000 feet.

(4) Ownership: Private.

(5) Public Facilities: None
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(6) Composition of Shore: A sandy barrier bar.

(7) Protective Structures: Three flasnked stone groins
200 to 400 feet offshore opposite the west end of the islsmnd. Stone
Jetties at the Wagquoit Bay Inlet.

(8) Charscter of Development: An undeveloped shore.
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APPENDIX B

GEOMORPHOLOGY

1. General Geology of Western Cape Cod. - Bedrock is 100 feet or
more below sea level south of the Cape Cod Canal, Two bouldery earth
ridges (moraines) intersect at the canal, marking a long stand of the
ice front prior to glacial retreat and ice stagnation. They represent
glacially plowed erosional debris deposited at the glacier's snout,
The moraines, the Buzzard Bay moraine on the southwest and the Sand-
wich moraine on the east are classified in this area as "interlobate®,
each representing materials carried by a different lobe of a general
glacigl margin. They carry many boulders and consist partly of
glacial till, hence are fairly resistant to erosion. Topographically
they are pronounced high hills, rough country with a dense cover of
brush, scrub pine and & few deciduous trees.

2, The area between the two moraines comprises the bulk of the
inner arm of Cape Cod. Known as the "Mashpee pitted plain,” it has
been described by Mather, et al , as "a slightly dissected, subaerially
construgcted alluvial fan with its apex at an elevation of 220 feet
close to the place of overlap of one moraine upon the other, and its
surface sloping gently to the curving shoreline, 10 to 14 miles distant
toward the south and southeast®, The plain consists largely of
stratified sands, grading surficially from coarser near the apex to
finer at the lower end. Topographically it appears nearly flat,
interrupted only by "kettle holes", depressions left by melting of
ice blocks bur ied in the sand, and erosion furrows, quite striking
in their regularity and effect on the shoreline. The moraines, pitted
plain and kettle holes (appearing as numerous ponds) are shown on
Figure B-1.

3. Coastal Geology of the Falmouth Area, - Most of the study
area 1s situated on the sea margin of the plain, about 12 miles south
of its apex. The west end of the area at Nobska Point, however, is
a prominent headland formed where the Buzzards Bay moraine extends
seaward, becoming the Elizabeth Islands chain and reappearing along
the southwest coast of Rhode Island, Fishers Island and parts of Long
¥sland, New York.

k. The relationships between the shoreline and geological
features are simple and extremely clear. The till and boulders of
the moraine, coupled with its high relief, present a far greater re-
sistance to erosion than the sandy plain, hence the moraine stands out



as a prominent headland and protecting bulwark for the area to the
east. Succonnessett Point, two miles east of the study area, is
anomalous in that it stands out from the plain, like an island, and
is a sandy hill with a till core inland. A winged headland, it
serves as a giant groin and bulwark. Its erosion would cause all

of the shore to its west {except possibly for a small area immed-
iately east of Nobska Point) gradually to retreat. A series of
alternating cycles can be envisaged whereby the headlands retreat

and ercded material nourishes intervening beaches, beaches are eroded
because of lack of headland protection and the process repeats itself,

5. The beaches are mostly low, thin baymouth bars cutting off
flooded erosion furrows with materials eroded from the ends of prongs
between the furrows. Several of the ponds and the largest inlet,
Waquoit Bay, congist of flooded kettle holes,

6. MNobska Point to Falmouth Harbor, - The shoreline east of
Nobska Point for about 1% miles is morainal. From that point east-
ward to Falmouth Harbor entrance, the shoreline consists of marine
and shallow marsh deposits and represenis a continuous chain of bay-
mouth bars derived from erosion of the moraine in the Wocds Hole
vicinity and perhaps to a lesser extent from the erosion of the fringe
of the nearby flat Mashpee plain to the north and east. The embayment
forming Oyster Pond is a flooded late glacial or post glacial de=-
pression in the moraine, or possibly a depression resulting from the
malting of a mass of ice embedded in the moraine, Salt Pond and
marshy tracts behind the bar to the east, nearly to Falmouth Harbor
entrance, merely represent former ocean water cut off by the develop-
ment of the bar owing to drift processes supplying sand eroded from
the moraine to the West. Sand accumulations against groins do not
seem to favor one direction of drift over the other west of the
Falmouth town beach along Surf Drive. East of this town beach accu-
mulation at groins is from the west.

7. Falmouth Harbor to Waquoit Bay. - The shoreline from Falmouth
Harbor to Waquoit Bay, except for a fairly small but prominent till
hill comprising Falmouth Heights, consists of five low and narrow bay-
mouth bars fronting ponded erosional furrows. The intervening prongs
between furrows have been terminated by erosion causing the entire
shoreline to appear fairly straight, except at the mouth to Waquoit
Bay where the tidal inlet to the bay is situated in the center of a
large sand cusp. The bars are extremely vulnerable to storm damages
because of their low relief and small girth. Most of the ponds are
connected to the sound by tidal inlets. The entire bar fronting Fel
Pond was breached and pushed back in the recent past, leaving a series
of groins on the seaward side of the bar standing well out into the




ocean and causing the low prong between the east branch of Eel Pond
furrow and the series of kettle holes forming Waquoit Bay to become
an island. The extreme instability of this locality owes to the
clese proximity of the kettle hole to the furrow., The area will
probably be subjected to more radical changes in the near future,
the situation being aggravated by an inadequate supply of incoming
sand while storm waves make materials avallable for drifting to the
east,
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APPENDIX C

SAMPLES OF BEACH AND NEARSHORE, MATERIAL

Samples of surface beach and nearshore materials were obtained
along Profiles 1, 3, 6, 12, 18, 21 and 24 Locations of the profiles
are shown on Plates 2, 3 and L. Samples were obtained from the beaches
at the berm and high and low water levels and of fshore from the 6, 12,
18, 24 and 30 foot depths. A mechanical analysis was run of each
sample and the results are included in Tables Ce=l, C=2, C=3 and C-k.
Table C-1 contains information on the location of the samples, range
of grain qiies, median diameters and character of material in per cent,
Tables C=2, C=3 and C=L contain cumulative weight percentages re-
tained on various sieves for individual samples and for the average

of all samples on each profile.

Cul



TABLE C-l,

CHARACTERISTICS OF SAMPLES

ﬁg Location (Grain Size (M.M) Character of Material, % Remarks
"g‘—g Pro;;.ll . Range ﬁ;&& Gravel Cg:.rz;sle m galrnxe1 Sic];.;,aor
A= Y
1 {Berm 0.21=2,00] 0,55 2.5 |91.L 6.1
High Water [0.42-19,1Q L.} L6.8 32.8 ]20.2| 0.2
Low Water [0,21=50.8] 30,5 65.1 2.2 131.0f 1.7
6 fte  10.1549.0| 0,76 {17.5 | 11.h {65.1] 6.0
12 ft. J0.074=2%4 1.1 17.3 9.9 |61.1} 9.6] 2.1
18 fta  P.,O74~1270] 0,63 L8 342 [76.9(12.9] 3.2
2L ft.  |0407L-Le76] 0.l 0.5 [LB.3[LB.0]| 3.2
30 fto  10.15-19.10 | 0460 [11.2 | 11.8 {L7.9!29.1 |
AVERAGE L.87
3| 1.5 ft. P.55=19.10| 3.2 3649 | 2942 |33.9 Tos Rewetment
6 fto  |0.15-25.1 | 0.72 16,3 Fel [62.1{12.5
18 ft., ’o.om-h.% Oslily Ouli [6848129,8] 1.3
2l fta  [0.08-3,50| 0.45 3.0 {58.0129,0
30 fto  |0.,074-6.35] 0,50 2.9 6.8 |5547|3ke2] 0.4
AVERAGE 1,06
6 |Low Water [0.21-19,1d 1.1 549 2,0 {91.1] 1.0 Toe Revetment
6 ft.  0OW=38,1| 9,0 5749 Le7 [29.8] 721 0.4
12 ft. D.15-25.4 | 1.0 24.3 9.2 |52.8]13.7
18 ft. 0,210-38,1} 3.3 48.3 6e2 139491 5.6
2L ft. D.30-4.76 | 0455 1.8 |73.0(25,2
30 ft. PL30-12.70] 1.0 3¢5 | 1842 [7h.5| 3.8
AVERAGE 2466
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TABIE C=l, CHARACTERISTICS OF SAMPLES {Contd)

Eag-lnz;fion Grain Size (M.M) Character of Mater%al, 3 Remarks
é eorile Range g:;agr Graval C;:;ge ?afri gﬁ 3&;
12|z|rn 04074=2.00 | 0ek2 L9.7 | L8] 0.5 | At Wall
igh Watar|0,21=2400 051 95e5 | L5
Low Water |0.21-19,10 | 0.60 | 6.2 Te5 |7547 | 1046
6 fte  |0,07h=ho76 | 027 ' 0.8 1345 | 84e9] 0.8
12 ft. 0s07L=25el | 546 b5 40 10,1 [20.8 | 11.5] 2.6
18 ft,  |0.07h=19,10 | Oli3 |57 8ol [3948 | 35.6]10.8
2 ft.  [0,07U-19.10 | 0.5 pl.3 8.6 |35.9 | L1.1] 3.1
30 fte  [0.07L=25.l | 0475  PR3e2 11.7 {29.8 | 31.21 Lol
AVERAGE 1.13
18 [orm 0s074=2400 | 0.52 75.5 | 2445
High Water{0.15-19.10 | 1.0 2).0 15.1 |2943 | 316
Low Watar |0.21~12.70 | 1.1 346 22,0 170.2 ] L.2
6 £t  |0s074-38.1 | Le76 [BO.3 15.3 |22.8 f11.4] 1.2
12 ft. 0.15-38.1 1,2 BT el 5.2 {3kLe5 | 22.9
18 fto  |0415-25.1 0.81 Q7.7 T2 5643 | 1848
2L £t [0.07L=9.52 | Cuk2 | 3.8 Teb [3945 | 374 117
30 Tt |0.074~28.h | 0451 [he2 21e9 |17ek [3742] 503
AVERAGE 1.29
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TABLE C-l., CHARACTERISTICS OF SAMPLES (Contd)
At | Location | Grain Size (M.M.) Character of Material ! Ramarks
s Range Madian [Gravel|Coarsze|Med, [Fine it oz
ﬁ Diameter Sand (Sand Sard [Clay
21 | Barm 0.15-38.1 2.6 | 11,7 (12,9 32,0 13.L
High Water| 0.21~19,10 k.5 h8.9 [10.1 [19.1:{21,9
Loa Water{0.15-25,4 348 | L2.9 (23,9 [22.2[11.0
6 ft. [0.074=38.1 22,0 | 1344 | Sabi [10.9] 9.7| 046
12 ft. [0421-19,10 0.52 9.2 | 2.6 |[5648(31.)
18 ft. [0415-19,10 0465 | 1047 | 740 |U6.8(35.5
24 ft. |0.,074-50.8 31.5 66sh | 841 [10.L4[11.1] koo
30 fte |0.074=he76 0.34 12,7 | 25.4|Lh6,2| 15,7
AVERAGE 8e2h
2 | Berm 0.074-38.1 0e98 | 3La7 | 7o1 |23.8|1LeB} 1946 | Tos Revetment
High Water |0.42-38.1 2,00 | 37.4 [10.3 |52.3
Low Water |0415-63.5 15,00 | 5345 | Sl 1377[ 2.4
6 fte  |0.15-h.76 0.h3 Oui | 53.1{L46.5
12 ft, |0.0TL=La76 0.28 0.8 |3L.2{63.8| 21,2
13 ft. Woeds
2 ft, 1 Stone 1% in.¢@
30 ft. Shells + Organic Matter
AVERAGE 3474
_
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TABIE C-2, SIEVE ANALYSIS

U.5. STANDARD - | 1 ] L
SIZVE NO. | 3/ 1/em3/em L 0 10 | 20 |30 | kO 50 [PAN
DIAETZR IN MM | 38,1 125.01 19410 12,70 [9452 1476 2400 [0.8L 10459 | 04L2 04297
LOCATION CUMULATIVE WSIGHT PERCENTACE RETAINED
T T | T : T
| Profile No. 1 i
High Water ! 2.5 [11,3 | 1648 | 7946 19142 [9840 | 9948 [100.0 100.0
1 | i H
Low Water i 37.0158.0 58,0 | 62,0 6341 | 6541 | 6763 | B80sl | 9107 ‘98.3?99.& 100.0
6 Fto N6 | Te9 | 1745 | 2849 [ L1e6 [ 6949 | FheO | 9549 1000
b
12 Ft. 1.8 3.5 | 843 {17.3 | 2742 | 6243 | 7740 | 8843 8947 10040
18 Ft. | 066 | LeB| 8403341595 8Le9| 50.L 100,0
2l Fta 065 | 11oly | 25uL | L8481 6343 10040
30 Ft. 069 | 340 | 1242 | 2340 | U045 | 5140 | 709! 8745 100,0
| TUTALS 3740 158405948 | 7345 9he2 [162.8 [23h45 [36740 47940 157849 72443 80040
AVERAGE CUM, Te2 | 745 942 11148 | 20.L | 2943 LB.§| 5949 | 8LaS} 90.5 100,0
| o




TABIE C-2, SIEVE ANALYSIS  (Contd)
.S STAL A% ! | | b | [
3IEVE N, e |10 3/ 1/en 3/80 0 1 10 0 0 3C 5 7, 3¢ , 200 | FaX
DIAMETIR N o] 354112504 | 19410 12.70| 9.52 4476 24 00 | 0484059 | o.Lejo 297] 04210[0,177 0. 1L9J0 0?14]
LOCATION CUMULATIVE WEIGHT FZIRCENTAGE RETAINFD
P | | !
! ! ! | Profile io. 3 | |
: 1 ‘
1.5 Ftox | 64911249 | 3629 156,11 93,7 9547 10040 100,0[100,0|10040 100.0}100.0; 100,40
] i ; ‘ . | .
&€ Ft. 2e5 1 5s0 11045 [1643 25 | L3e3 | €LaS| B7.5] 93.0| 97.L PT.l 98,9(100.0, 1000
18 Ft. O] 3.5] 20,2 69,21 B5.1] 50,84 90,8 93.0' 98.7 | 100,
2l Ft. 5 300 | 2142 34a8] 61,0 83,1, 5Lu8| 9La8 | 97,0 20,0 | 100,
E [ | : f
30 Ft. ? 205 54T ) 2945 | L3ak' 65,11 827 ) 96,2, 9642 98437 99.6 1 10040
! i ! ‘; |
TCTALS ‘ 511569 [ 23el |5641 11006 119242 [262,5 138341 (LL349 147942 (L7942 (L8742 498, 2 | 50040
|
i ™ - +
AVERACE CUM, CoZ 1 302 | LaT |11.212049 1| 3842 | 52,5 76461 98,8 95,81 95.8¢ 97.L | 99.7 | 100.C

#Toe Stcnas Hevetment
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TABLE C~2, SIEVE AMALYSIS (Contd)

U.3. STANDARD E

SIEVE NC, 10 | aw 3/L0 /e [3/840 L 10 |20 |30 |[LO |50 70 BO 00 | 200 |PaAN
DIAMETER IN MY | 384125k [19410| 12.70(9452 L 76 | 24001 0484 | 0459 |0.42[0.297]0210 De177 041019 [0.07L

LOCATION CUMULATIVE wEIGHT PERCENTAGE RETAINED

Profile No. 6

Low Waterst Le3 5.1 Gef Te2] T3e2 910'4 99,0 5940 99,01 9940 100.0100.0{100,0
6 FT. 19.7 | 32.6] L548]50451 5749 ] 62.6] T1a2 80.6| 92, 9640 98+ 98.9 9849 99.6|100,0
12 Ft. 2e5 8ol |1Le2 | 2he3 | 3345 567 6948] 8643 9he3| 9848 98.9 99.4100.0]100,0
18 Ft. 15,7 | 22,6 38.3[LLe9| UBe3 | SLe5| 6945 8043 olel{ 9847] 9947 100.d 100.4 10G,0[ 1000
2, Ft. 1.8 7.61 26.2| 7h.8 98.3| 100.9 100,d 100.q 1000|1000
30 Ft. 0,51 3¢51 21a7{ 6LeO} 8249 9642 98,6 100.00 100,d 100.J 1D0,0{100.0
TOTALS 35 | S7.7| 96.8[M5.2[139.9 f82.0|342.2 Le1,.2 5h3.i§8h.9 595,7 | 596.4 598.3 5944 €00,0
AVERAGE CUM. o9 | 966 1601 | 19.2[23e3 30423 | 5740 7042 90,5 1 97e5] 99e3 | 9943 | 99T | 9949 100,90

#Toe Stone Revetment




TABLE C-3, SIEVE ANALYSIS

g~0

U'giﬁﬁgAﬁg%RD 1%n’ | sl el | w | 10| 20 | 0 | w | l 70 ' 80 1100 l 200 | pax
DIAETER IN MM| 38.1{25.1i|19.10{12,70| 9452 | L.76] 2,00 | 0,84 10.59 Jouk2 0.297{0.210{0,177{0,1L9 10,07k
LOCATION CUMULATIVE WEICHT PERCEWTAJE RITATNED
I I
Profile No, 12
Berm at wWall 0e5 | 05 [ 4947 | 82.1i] 9845] 99.0] 99.0| 99.5( 100.0
High Water 1hs7 §1ha7 | 9545 | 9840 99.0] 100.0[100.0]100.0 100,0
Low Water 0u8} 242 | 642113473049 |55.1§89.4 | 95,1] 98.2] 98.2]100.0 100,0| 100.0
6 Ft. OB 342 5.6|1k.3|37.9] 86.2] 86.2| L.1| 99.2] 100.0
12 Ft, 10e51 2745] 3647 | 55,0 [ 6541 | 734k | 7846 | 85.9 | 90.1] 93.4| 93.4 9LeBi 974k | 10040
18 Ft. Ou51 1a51 Se7{13.8| 2841 |37.2]53.6]68.3) 76.7] 76.7 79.8| 8942 100,0
2l Ft, Leb| 346 | 1143|1949 31.2 {3948 | 5548 | 74.6] 86.7] 86.7 90.6 9649 100,0
30 Ft. Ba9 10a9y 1541 § 2342 34e9 | 1746 | 5had | 64a7 | The7| 83.1] 83,1 8649] 95.9| 100,0
TOTALS 19bf L2e1{ 5941 | 1014k [14842 1229.6 P85.6 0849 6214172148 723.3] 75,2 77841 800,0
AVERAGE CUM. 2ok | 5a31 74l | 1247 1845 2847 | 3547 | 6346 | 77.6] s0.2 904l 93+2] 97.3} 100,0




£=0

TABLE G-3. SIEVE ANALYSIS (Contd)
U.S. STANDARD
SIZVE NO. 130 ) am 13/4m | /20 3/8e L 10 | 20 30 Lo | 50 70 80 | 100 | 200 {PAN
DIAMETER IN MM 38,1} 25.4]19.10 12.7qJ_9.52 h.76_ 2.00 10484 0.59io.h2 04297 10.210]|0.177]0,149] 0,07k
LOCATION " CIMMULATIVE WEIGHT PERCENTAGE RETAINED
. ' ,
Profile No. 18
Berm 1145} 1La5] 75.5 | 90.0 98401 99.0} 99.0| 99.01100.0
High water Lell 941 ] 24,01 39,1 |53.3] 62.1] 684§ 79.1| 97.8] 97.8] 99.7]200.0]100.0
Low vatar 0.5 | 3.6] 25.6182,1] 90.8] 95.8 1 97.2] 98.61 98.5]100.0§100,0 {10040
6 Fte 134711603 | 3643 | U146 | 5043 | 6546 | 7845} 33,11 BTuk | 89.8 ] 9347| 9347} 96.6| 9848110040
12 Ft. 6.8112.3 | 20471 2841 | 37aL 4 1246 [Sheb] 62,5 ] 7741} 8945 | 97ak]| 97k} 98.91100.01100.0
13 Ft. 362 6401 947 1 17.7 | 2429 | L9.2] 62,01 BLa2 | 9341} 99.2] 99.2] 9946|100,0]100.0
24 Ft. 348 | 11k | 2Le8] 3LeS | 5049 | 6Le3 | T6al] 7541 78.6] 88431100.0
30 Fi. 1.3 | 1461 2.8 | 1he2| 3601 [LLa2] L7.7§ 53.5 1 59491 6942] 69421 7heO] 90,7 [100.0
TOTALS 20.5(33.1 | 6847 | 91.9 |151.0 RLS5.3 #01.3 572 153948 | 66249 [73040|731.0 174644 |77648 180040
AVERAGE CUM. 261 La2 | 845 11,5 | 18.9 130.? 5042 58.2i 73.7 | 82.9 191,31 91l.h1} 93.31 97.1{100.0




TASLE C-j, SZIZVE ANALY3I3

r.3. Sr'g'%\'ﬁz_aa ) | ) | ] | 3
3I=VE N0, 2% 1st poAn 3/ A 13/8n L 12 20 30 L0 50 70 o 20 200

DIAMETER IN MM150,38 [38.1125.4h | 19.10[2.70l 9,52 h.?élz.oo 03U | 059 | 04152 02297 .21 0,177 E.lw 0074 | PAN
LICATION CUMULATIVE WZIGHT PERCENTAGE

Profile No, 21
Berm Se7 1 1543 | 2745 3345 L1.7| 5La6] 67420 7LaO1 8646 | 95,1 99.3| 99.3 | 99.8 h0040 | 100.0!
Hizh Water 15.3] 2646 LB.9] 5940 6546 | 69,59 | 78411 90.2 | 98,4 110040 10045 [100.0 | 100,01
Low ater 745 | 1645 2747 h249 | 6648 7742 8149 | 89,0 9.8 | 98.9] 98.9 | 99.7 00,0 | 10040
6 Tt 1332 ] 55.8 | 62,41 66.8] 73,0 78481 82,51 85,4 ] 89471 92091 96411 56,1 | 9745 | 9.4 | 10040
12 Pt 1,70 Lo5§ 9421 11.84 30.3] L5.4] 6846 8647 97.01 97.0 100,92 19C,.D 12040,
13 Ft, 101 3.7) 10.7] 17.7 35.1' L5481 645 [ 83421 95,71 95,7 | 98.8 100.0 100.0‘i
2L T, L2.5156.4 | 5644 | 58461 60441 66441 TheS) 80.3] 82.2) 84,9 ] 87.0] 89,1 89,1 | 90.31 96,0 120.0
30 Ft. 12,7} 2744 31451 3841 | Lha7| 56491 5645 | 6L4an| 8La3| 190,02
TOTALS 042,50100,3 {13640 [183.1]223.2]293,2[375.9 |h66.0 [516,1 [599.5 187445 [732.4 73440 1750.1779.7 | 800.0
ATIRAGE O, 5¢3] 12,51 17,0 | 22.9] 27,9 36,7 L7.0] 58,31 65| 75.9 | 8Le3] 91,61 92.8 | $3.5] 97.5 | 100.0




-

TAZIE C-l.

SIEVE A

HALYSIS

o8, SLANDATD 1
STEVE 7. 2" 1%")J LI VILE B L VAL B 10 20{ 3} L |50 |70 180 120 | 200
4 T T T T T T T T 1 1 1 1
LOCATION CUMULATIVE WEIGHT PERCENTAGE
| |

Profile No., 2L |
Rarm’ 6.0 | 19.5] 21.5) 2ko7| 3L.7{ ULeB| 53.0| 534l 65461 7051 75601 75.0| 7648 1 80,4 | 1007
High Water 35.6 | 35.6] 3546] 35491 37.4] L7.7) 9149 98,01 99.7{100.21100,0 100,90 120.2 [10C.O| 12047
Low Water 39-1 39.] h6.5 )-19-5 5002 51-0 53-5 59-9 860? 91-1-’5 9?-6 9802 99-1 99-1 99--’4 130.‘3 100,
6 Fte 0l 7491 16.6| 53.5] 772 9hs3] She3| 98.7(100.01 100.72
12 Ft. 0.8 7.1 17.1] 35.0] 45.3] 82.5| 82,51 92,1} $6.81 130.2
18 ¥, | m=eememmmccmsememeo—sssmen—meoosesssssses WEETIS | rrm ot e e omam o it e S i
2L g | emmemmemesmsssmesmssosssmesmessoecos ONE STONE w 13" B ccmmcm e o oo e ey
?31 Tty ] emeem—mesemcmccseemem—eemmees e SHRELLS + ORJANIC MATTER mmmmmmmmmomom oo e o it ot o e =
[TOTATS 39,1 35.1 8841 | 10448]107.3 11148 125,5] 150.5] 215471 285,1] 351.4{391.7[ LE0.F| L5049 LE6701L79.2] 500,08
|
- ;
_'.""3:-‘,.'3 AT 7.8 ?.8 17.6 21.0 21.5 22.].& 25.1 30.L !4901 57.0 70.3 ?803 Qo.gi 90.2 93.]4 9508 100.0

%,
Toe stone revetment,



APPENDIX D

PREVAILING WINDS AND STORMS

1. Prevailing Winds. - United States Weather Bureau wind ra=cords

at Nantucket, Massachusetts, located about 30 miles offshore, southeast
of the study area, show that the prevailing wind direction is west
southwast and that winds blow from westerly directions about two-thirds
of the time. Hourly observations of wind speeds and directions for a
duration of seven years including the periods August 1952 to July 1957
and Auzust 1958 to July 1960 were used, A wind rose based on these
observations is shown on Plate 1 and a tabulation showing wind duration
by direction and speeds is included in Table D-1, below. Onshore winds
from the southwest quadrant have a slightly longer duration than the
offshore winda from the northwest guadrant and they have about double
the diration of onshore winds from the southeast guadrant. Winds 32
miles per hour and greater, however, have the longest duration from the

north northeast, west and west northwest in that order.



AURUST 1962 « JULY 1557 AND AUGUST 1458 = JULY 1960, INCLUSIVE

TAELE D]

YINL SPEEDS AND DIHECTIONS NANTUCKET, MASSACAUSETTS

DUHATICN IN HOURS

I

Wind Speec¢ | 0-3 [ L-7 T B-12 13-18 [19~2L T25-31 T 32.38 T 39L8 [>L7 Total % Total! Ave. |  Wind % Total 1 % Duration
{e Fu H, Duration Duraticn Speed ; Movement | Movement Per
Hrs, MPH Miles Depree
DIRECTION : ;
T 6L | Mo | 1,1k5 | 1,179 502 164 30 6 3 3,542 5.8 13,8 ©  L9,04C Bo0 0,27
MNE 59 281 760 | 1,053 566 253 65 16 1 3,05L | 5.0 @ 15, 0 18,366 5.9 0.26
¥E 91| Ls 926 805 359 135 1 2,782 e j 12,7 | 35,452 L2 0.19
BhE 57 | 382 Bog 7L2 394 12i; 3k 6 2,517 L | 1o . 35,23 b3 2,19
E 66 | 31L 640 640 299 92 17 8 1 2,077 3.4 13.6 | 28,276 3.4 2,15
ESE 59 | 287 757 709 3L8 148 3L 5 2 2,389 3.9 13.9 | 33,203 L0 J.18
i 5 284 776 593 158 It 16 b 1 1,976 3.2 12,6 2L,879 3.0 2,13
SSE L8 376 1 1,16 | 1,293 275 68 17 b} 3 3,297 Sk 12.6 L1,hh3 5.0 De82
5 73 L78 v 1,448 1,168 380 B2 17 2 2 3,650 5.0 12.6 46,009 5.6 2,25
3SW L7 38L ¢ 1,593 | 1,581 555 1oL 16 3 1 i, 384 Tl 13.6 59,7682 7.3 J.32
s 76 Leo | oz,h11 2,468 505 9% 14 4 6,027 9.8 13.1 78,737 5.5 D12
WEW 53 she | 2,291 2,591 739 160 Lo 1 6,42l 10,7 13.6 87,450 10.6 0oli?
W 67 1 513 1,L1% | 1,345 Lgz 19 54 L 1,013 b5 13.6 Sh,U12 646 0429
W a7 731, 2,126 | 1,960 787 277 Ly é 6,008 9,2 1347 82,015 10,0 Dokl
NW 96 722 | 1,h25 1,bh2 | 511 155 18 2 1 b,382 7ol 12,8 55,960 648 0,30
NNW 51| L6 o112 | 1,750 @ 671 158 21 1 4,520 Tol 1.0 63,480 77 034
CALMS ! ‘ i 346 2.6
TOTALS 1,050 7,078 21,363 21,219 17,551 | 2,226 | 451 59 15 1 61,388 100,0 13. | 823,784 100.0

Du?



2, Storm Winds. - A summary of winds, each with a continuous
duration of at least four hours and wind speeds of 30 miles per hour
or higher was prepared based on United States Weather Bureau hourly
observations at Nantucket, Massachusetts. The summary covers a duration
of nine years including three separate periods from January 1945 to June
1960 and it is included in Table D=2, below,

TABLE D=2

#*
NINE-YEAR SUMMARY OF WINDS 30 MILES PER HOUR OR HIGHER

AT NANTUCKET, MASSACHUSETTS

Direction No, of Total Total Average Average | Total
Occurrences | Duration | Duration | Duration | Speed Movement
Hours Percent Hours M,F.H, Miles
N 9 100 8,8 11 35 3499
NNE 13 179 15.7 1L 35 6275
NE 9 126 11,1 1] 37 L1681
ENE 9 111 9.8 12 38 h251
E 5 60 5.3 12 36 2182
ESE g 62 55 1 3L AN
SE 6 30 3.0 6 33 1121
SSE 1 L Ooly In 30 120
S N 22 1.9 6 33 717
S5w b 18 1.6 5 32 578
SW L LS 4,0 11 3L 1531
WSW 11 103 9.1 9 33 -] 3405
W 8 99 8.7 12 3L 3330
WNW 10 73 6.1 7 33 2400
NW 12 88 7.8 7 3L 3002
NNW 2 10 0.9 5 33 33

# Includes Jan 19L5-Dec 1950; July 1956-June 1957
and July 1958-June 1960 inclusive,

The tabulation shows that north northeast winds occur most frequently
and have the longest duration and that east northeast and northeast
winds have the highest average speeds. Approximately k) percent of
the duration of all winds occurs from the northeast quadrant, almest
double the next longest duration (2L percent) which occurs from the
northwest quadrant. Of the onshore winds, approximately 20 percent
of the duration is from the southwest quadrant and 12 percent from
the southeast gquadrant,




APPENDIX E

TIDES

1. General. - Tides in the study area are semi~-diurnal. Mean
ranges are 1.5 rteet at Nobska Point, 1,3 feet at Falmouth Heights,
Falmouth Inner Harbor and Woods Hole {(Iittle Harbor) and 1.1 feet
in Waquoit Bay. Spring ranges are 1.9 feet at Nobska Point and 1.6
feet at Falmouth Heights and Woods Hole (Little Harbor).

2. Tidal tbservations. - The higher tides observed by the United
States Coast and Ceodetic Survey for the short periods listed below
were compared with tides observed at reference stations at Newport,
Rhode Island or Bustun, Massachusettis to determine if variations
above the mean range were comparable,

Locatl on Period
Woods Hole (little Harbor) May 23 - Aug. 31, 1938
Falmouth Heights May 20 ~ Oct. 3, 1942
Falmouth Inner Harbor Sept.8 - Nov, 30, 1%34

Waquoit Bay Septo.ll= 27, 1939

Variations above the mean range of five tides at Waquoit Bay were from
0,6 of a foot below to 0.8 of a foot above those at Newport. Similar
variations of 10 tides at Falmouth Inner Harbor ranged from 0.0 1o

0.8 of a foot above those at Newport. At Woods Hole (Little Harbor)
21 tides ranged from 0.9 to 0,6 of a foot below Newport and 10 tides
ranged from 0,6 to 0.9 of a foot below Boston., At Falmouth Heights;
of 3l tides compared with Newport, variations above the mean range

of 18 were up to 1.2 feet higher, of 15 were up to 0,8 of a foot lower
and 1 was the same, while 10 tides compared with Boston were all 0.8
to 1.5 feet lower. The above comparison indicates that individual
higher tides which occur at Falmouth vary considerably from those

at Newport or Boston and that they are generally lower than at

Boston,

Bl



3. Frequency of Higher Tides. - The frequency of occurrence
of tides which exceeded the mean range by 2.0 feet or more, based
on 30-1/3 years of observations at Boston, Massachusetts and 10
years of observations at Newport, Rhode Island are shown in the
following tabulation,

Feet Above Average Annual Number of Occurrences
Mean High Water Boston, Mass, Newport, R.1. Falmouth (Est.)

h.3 0.03 0.0 0,02
Lho2 0.06 0,0 0.03
hal 0.06 0,0 0.03
14,0 0.06 0.0 0,03
3.9 0.06 0.0 0,03
3.8 0,06 0.1 0,08
307 0.1 0.1 0.1
3.6 0.1 0.1 0.1
3.5 0.2 0.1 0.1
3.4 0.2 0.1 0.2
3.3 0.5 0.2 0s3
3,2 0.7 0,2 0.5
3.1 1.1 0.3 0.7
3.0 1.5 0.6 1.0
2.9 2.2 0.6 1.4
2.8 2.7 0.9 1.8
2.7 3.6 1,1 2.k
2.6 1.8 1.2 3,0
205 6.8 10’4 hol
2. 9ol 2.0 o5
2.3 11,8 2.7 Te3
2.2 15.3 L.5 969
2.1 18.5 6.5 12,5
2,0 24.5 9.k 17.0

It is evident from the tabulation that higher tides occur with greater
frequency at Boston than at Newport. It appears from available
observations that the frequency of occurrence of the higher tides

at Falmouth is smaller than at Boston and it may be greater or smaller
than at Newport, Higher tidal heights above mean high water which
occur once a year, average between 2.7 and 2.8 feet at Newport and
between 3,1 and 3.2 feet at Boston. The higher tidal heights which
occur at Falmouth may be between those at Newport and Boston, in which
case a tide 3.0 feet above mean high water may occur about once a
year. The estimated frequency of occurrence of the higher tides at
Falmouth based on the assumption that they are about midway between
Newport and Boston are shown in the above tabulations.



o Extreme High Tides. - The heights above mean low water of
the highest tides of record which occurred during recent hurricanes

are tabulated below:

Sept. 21, Sept. 1-15, Aug. 31,
Location 1938 194k 195k
Little Hbr. and Nobska Point 10,0 -— —
Falmouth Inner Hbr, - Qo2 9.5
Falmouth Heights 8.6 12,7 -
Waquoit Bay — 11.6 —



APPENDIX F

SHORELINE AND OFFSHORE DEPTH CHANGES

1. General. - Shoreline changes were determined from comparative
positions of the high water shoreline located by the United States Coast
and Geodetic Survey in 18L5-L6, 188891, 1938-41 and 1948, by the Corps
of Engineers, United States Army in 1961 and from surveys by the Town
of Falmouth, the latter covering only the Falmouth Heights section,
during October 1947, June and December 1957 and November 1958, Offshore
depth changes were determined from the depth contours out to 30 feet
located by the United States Coast and Geodetic Survey in 1845, 185k,
1887, 1938 and 1954 and from beach profiles by the Corps of Engineers,
United States Army in 1961, Amounts of change were scaled from available
maps. Due to the scales of the maps, amounts of changes determined were
approximate. The indicated movements of the 6 and 12-foot contours from
1845 to 1854 and then to 1887 appear anomalous in that they show a sea-
ward movement of up to 800 feet between 1845 and 185h and a landward
movement of the same magnitude between 1854 and 1887 returning the
contours to their 1845 positions. The shoreline and offghore depth
changes are shown on Plates 5 to 10 inclusive. In the following
descriptions, locations of shoreline changes are designated by 4
shoreline station numbering system shown on Plates 9 and 10,

2. Shoreline Changes. - #. Nobska Point., The shoreline of
the outer tip of Nobska Point, the westerly 600 feet of this section,
moved up to 50 feet seaward between 18L5-46 and 1888-91 with little
change from 1891 to 1948, the last survey of record. The rest of this
area, from Station 6 to 18 generally receded between 1845 and 1961 for
varying distances up to 75 feet.

b, Between Nobska Point and Falmouth Beach. The shoreline
generally receded along the westerly third of the area between 18L5 and
19,1 for distances varying irregularly from about 90 feet at Station 18
to 4O feet at Station 38 and it moved seaward a similar amount to about
its 1845 position from 1941 to 1961. There was a recession of 100 to
25 feet generally decreasing eastward from Station 38 tc 56 between
1845 and 194) and accretion from 1941 to 1961 of 75 to 100 feet, the
latter in the form of fillets at the west sides of groins., Along the
easterly portion of the area from Stations 56 to 76, there was a re-
cession between 1845 and 1961 increasing eastward from about 25 to 75
feet and 1little or no change from 1941 to 1961,




€. Falmouth Beach. - There was accretion and a varying seaward
shoreline movement, generally less than 50 feet, along the west half of
Falmouth Beach (Station 76 to 108) between 1845 and 1891 with little or
no change along the east half., From 1891 to 1941 the westerly part of
the beach from Station 76 to 135 receded about 90 to 25 feet, respect-
ively, while the only significant change east of this area was accretion
of 25 and 50 feet just west of and within the breakwaters at the east
end of the beach., There was little or no change from 1941 to 1961
except for additional accretion at the east end of the beach of 25 and
75 feet immediately west of and within the breakwaters.

d. Between Falmouth Beach and Falmouth Inner Harbor, - A re-
cession of up to 50 feet occurred along the easterly half of this area
between 1845 and 1891, From 1891 to 1941 all but the east end of the
shoreline receded 25 to 50 feet. At the east end along 600 feet of
shore west of a jetty built at the harbor entrance in 1909, accretion
occurred in the form of a fillet with a greatest width at the jetty of
150 feet. From 1941 to 1961, the only significant change was additional
accretion along 300 feet of the easterly end of the beach at the fillet
west of the harbor jetty, which moved the shoreline up to 100 feet
seaward,

e, Falmouth Heights. = Principal changes between 1845 and 1891
consisted of a 600-foot westward movement of the Falmouth Inner Harbor
entrance and a 50 to 75-foot recession of the westerly 1500 feet of shore
(Station 185 to 200). From 1891 to 1941 there was a general recession of
50 to 75 feet along the convex shore from the harbor entrance to the east
end of the bluffs (Station 185 to 217), about 25 feet along the concave
shore to the east (Station 217 to 235) and a larger recession increasing
to about 80 feet at the east limit. There was a general accretion of the
shore between 1941 and 1961 due to placement of about 120,000 cubic yards
of fill in front of part of this area (Station 199 to 217, approximately)
during 1957 from the Falmouth Inner Harbor dredging and subsequent drifting,
Up to 1961, this fill moved the shore line along the westerly 1300 feet
of shore (west of Station 199) 50 to 75 feet seaward of its 1941 position,
Around the bluffs area (Station 199 to 217) where the fill was placed
directly on the beach, the shore line was moved seaward 80 feet at the
groin at the west end; increasing to 160 feet in the vicinity of Station
205 and thence decreasing gradually to no change at the groin at the east
end as measured from Town of Falmouth surveys of October 1947 and June
1957. The fill was eroded rapidly from most of this area resulting in
a recession of up to 65 feet from June 1957 to December 1957, up to 60
feet from December 1957 to November 1958 and up to L0 feet from November
1958 to July 1961, The groin at the east end, at Station 216450, im-
pounded some of the fill between June 1957 and July 1961 for about 180
feet on its west side with a maximum seaward short line movement of L5
feet, at the groin., East of Station 216450, the four shore pockets




formed by groins were filled in succession from west to east. The
westerly pocket was filled in June 1957 and was swill full in July
1961, the second was almost filled by November 1958 and was come
pletely filled in July 1961, the third was about one-third filied

in November 1958 and completely filled in July 1961 and the fcurth
pocket had a small amount of accretion by November 1958 and it re=-
ceived a large additional amount up to July 1%6l. Amounts cf sea-
ward shoreline movement from October 1947 to July 196i in the pockets
were as follows: first, 65 to 125 feet; second, 50 to 130 feety
third 55 to 90 feety and fourth, LO to 70 feet.

f. Mara Vista., - Changes between 1845 and 1891 consisted
of a ?50-foot westward movement of the Little Pond entrance to its
approximate present position and a gencral shoreline recession of
50 to 75 feet. An additional recession occurred from 1891 to 1%Li
along the westerly portion cof this area (Station 241 vo 257) with
a shoreline movement of 75 feet at the west 1imit decreasing en:t-
ward gradually to a point of no change. Shoreline changes between
1941 and 1961 were small consisting of slight accretion at the west
end and recession at the east end with no change in the cenver of
the area.

g Acapesket. - This area has been subject to large changes.
The Green Pond entrance moved about 1000 feet westward from L85 to
1891 and thence about 300 feet eastward from 1891 to L9420 and anoubern
100 feet eastward to 196i. The shoreline receded up to 100 feet ba-
tween 1845 and 1891 and up to 200 feet more from 189 vo L9lL aiong
the westerly half of the area (Staticn 266 to 28L}, Changes in thiz
section from 194l to 1961 were smaller, consisting principally of rea
cession of about 200 feet immediately adjacent to the Great Pond =act
jetty and accretion of up to about 50 feet in the form of f2ilevs at
the west sides of groins. The easterly portion of the arsa ‘Stalion
28], to 295) receded about LOO feet from iBL5 or 1891 wo .%hy an i .

o about 200 feet more from 1940 to 196..

h. Davisville., - The prim..pal shireline changes of record
were the movements in Lhe position 3f the Gresn Pond entrancs desiribed
in the preceding paragraph and the recession of the shorellme. Thi:
shore recession be+tween 1845 and 1941 amounted to about 300 fse at
the ends and generally 100 to 150 fest along the rest of the arsa,

From 1941 to 1961, shoreline movements consisted of recessiun, generally
less than 25 feet along the west naif and a:cretion of 25 to 50 fes-
aiong the east half of the arsa.

i. Memauhant. - The shoreiine receded from [8LS to 1850 to
1942 for total distances varying from 100 feet at the west and Lo 30)
feet in the center and 200 feet at the east end of the area. From 192

to 1961, the shoreline moved szaward about 25 to 50 feet along most of

the west half of the area (Station 332 to 3L6) and it receded a siml.ar
amount along the east end (Station 352 to 359). The shoreline from Menauhant
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to Washburn Island was continuous during 1845 and 1891 with no opening
into Eel Pond, The first opening into the pond is shown by the 1938-41
shoreline but during 1942 the shoreline was again continuous. During
1961, the opening again existed in a larger form about 250 feet east of
its 193841 location,

Jo Washburn Island. - The entire shore line receded generally
about 100 feet from 1845 to 1891. From 1891 to 1942 there was additional
recession along the westerly portion of the area with a shore movement
of about 200 feet at the extreme west end at Station 360, This movement
decreased eastward to no change from Station 380 to 395 and there was
accretion along the shore east of Station 395, the amount of shore move-
ment increasing eastward to about 300 feet at the Waquoit Bay entrance
where a jetty built during 1937 impounded material. Changes from 19,2
to 1961 consisted of a shore recession along the west half, the amount
of movement gradually increasing westward from no change at Station 390
to about 500 feet at the Eel Pond entrance while accretion occurred east
of this area with a seaward shore movement of up to, but generally less
than, 100 feet,

3. Offshore Depth Changes. - The 1938 and 195L depth contours and
Profile 2 run during 1961 indicate that there were no large recent
depth changes off Nobska Point. Between Nobska Point and Falmouth Beach,
from 1887 to 1938, the 6. .foot depth contour moved seaward throughout,
the 12-foot contour moved seaward opposite the west end of the area and
landward opposite the east end, and the 18 and 30-foot contours generally
moved landward. From 1938 to 195L, where the 195l contours are avail-
able only along part of the shore, there was no depth change. From 199
to 1961, the only significant changes were accretion at the 30 foot depth
at Frofile 23 and also at the 6, 12, 18 and 30-foot depths at Profile 22.
Changes opposite Falmouth Beach between 1887 and 1938 consisted of
deepening in the vicinity of the 6 and 12-foot depths, irregular changes,
alternately deepening and shoaling in the vicinity of the 18-foot depth
and shoaling along the 3)-foot depth. From 1938 tc 1961, there was little
or no depth change out to the 30-foot contour at Profiles 18 through 22
inclusive,

Between Falmouth Beach and Falmouth Inner Harbor, the 6, 12, 18
and 30-foot contours generally moved landward from 1887 to 1938 indicating
deepening. This offshore deepening continued from 1938 to 1961 at the
6, 12, 18 and 30-foot depths at Profile 17,

Changes opposite Falmouth Heights from 1845 to 1938 consisted
principally of deepening in the vicinity of the 6 and 12-[oot damtn: ani
irregular changes in the vicinity of the 18 and 30 foot Ity wrt oAl
deepening and shoreward movement of contours along the westerlty end of
the area and shoaling accompanied by seaward contour movements along the
greater part of the area located to the east, From 1938 to 1961 s small
amount of deepening occurred generally out to the 30-Foot depth at
Profiles 12 and 16,
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Offshore depth changes opposite the Mara Vista shore from
1845 to 1938 consisted of deepening in the vicinity of the 6 and
12-foot depths and shoaling at the 18 and 30-foot depths. From 1938
to 1961 at Profiles 7 and 8 deepening occurred at the 6, 12 and 18-
foot depths and little or no change at the 30~foot depth.

At Acapesket, from 18,5 to 1938, offshore deepening occurred
at the 6, 12 and 18-foot depths and irregular changes, principally
shoaling in the vicinity of the 30-foot depth. From 1938 to 1961 there
was shoaling at the 18 and 30-foot depths and degpening at the fafot
depth on Profile 6,

Along the Davisville and the westerly third of the Manaulauh
shore there was deepening in the vicinity of the 6-foot depih foem 18LS
to 1938 while shoaling occurred at the 6-foot depth along the easterly
two-thirds of the Menauhant shore, and in the vicinity of the 12, 18
and 30-foot depths opposite all of the Davisville and Menauhant shores,
From 1938 to 1961 there was shoaling at the 12 and 18-foot depths and
deepening at the 6-foot depth on Profiles L and 5 and deepening at the
6 and 18-foot depths at Profile 3 opposite Washburn Island; from 1845
to 1938, irregular changes mostly shoaling, occurred in the vicinity of
the 30=-foot depth. Lack of comparative contours does not permit deter-
mination of depth changes for this period inshore of the 30-foot depth.
From 1845 to 1961, the principal changes were deepening at the 12 and
18-foot depths at Profile 2 while at Profile 1 there was deepening at
the 12-foot depth and shoaling at the 18 and 30-foot depths.



APPENDIX G

PRIOR AND EXISTING PROTECTIVE STRUCTURES

Available information concerning prior and existing protective
structures is listed below, Information is listed to correspond with
the identifying numbers used on Plates 2, 3 and k.

1. Stone mound and riprap revetment at Nobska Point. Congtructed
by the Massachusetts Department of Public Works during 1959 to stop the
serious erosion of the bluff and to protect the shore road. The pro-
tection included 1,100 feet of the point, The stone mound at the toe
of the bluff has a top elevation of 12,0 feet above mean low water, a
top width of 5 feet, a seaward slope of 1 on 2, a landward slope of
1l on 1, a minimum height at its center line of I feet and a2 minimum toe
thickness of 3 feet. Slope revetment above the mound was placed up to
elevation 20.0 feet at a slope of 1 on 2 with a minimum thickness of
!} feet., Stone chips were used to chink the heavier armor stone and a
12-inch layer of crushed stone was placed on the landward slope of the
mound between the ordinary borrow backfill and the bottom half of the
riprap revetment. The bgckfilled slope above the structure was ‘
covered with 6 inches of loam and seeded. The structure is generally
in good condition. There are voids in a few small areas where stones
have been displaced,

2., A pile of stones, the probable remains of a stone groin,
3, Dumped riprap revetment along the edge of the road,
i, Three deteriorated stone groins,

5., Stone wall fronted with mortared sioping stone revetment.,
Good condition,

6, Three timber open pile piers.

7. Timber bulkhead at toe of bluff fronted by riprap revetment.
8, Five stone groins, fair to good condition,

9, Stone revetment at toe of bluffs in good condition,

10, Low rubble masonry wall in good condition,
11, Stone groin in good condition,

12. Stone groin bound with Portland Cement mortar. Good condition,
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13, Stone groin,

1. Open timber pile pier,

15. Dumped riprap along edge of the railrocad.
16. Dumped riprap along edge of road,

17. Stone groins, the westerly one in need of repairs, the other
in good condition,

13.3 Four stone groins (18) and two stone jetties (19) constructed
19.

by the Massachusetts Departiment of Public Works in 1948 to prevent
erosion of the beach and silting of the Salt Pond inlet. From west to
east, groin lengths were 135, 135, 125 and 125 feet and jetties were
125 and 75 feet. All structures were built to a top width of & feet,
a top elevation of 7.0 feet above mean low water for the inner 7% feet
sloping down to elevation 2.5 feet at their outer ends and side slopes
of 1 on 1.5. Jetties were 29 feet between their center lines. Struc-
tures included cores of smaller stones, They were all rebuilt in 1955
to their original dimensions. They are generally in good condition,

2C. Stone groin and two open timber pile piers, all in good
condition,

2. TWwo stone jetties flanking the Siders Pond drainage culvert.
Structures in good condition., During inspection in November 1961, a
sand bar had formed across the inlet stopping the drainage,

22, Two curved and converging stone breakwaters fronting the town-
owned beach and parking lot near the intersection of Surf Drive and
Shore Avenue. The structures are in a deteriorated condition,

23. Low concrete curb fronted by mortared stone revetment at
east end of parking lot,

2l Concrete-capped steel pile bulkhead, 175 feet long, with
mertared riprap facing at east end of parking lot. Top of wall is at
El. 9.0 feet M,L.W., the riprap at El, 7,0 feet M,L.W, Wall built in
1536 by the State and is in good condition,

25. Stone mound about 350 feet long in good conditicom.

26. Hemains of concrete wall and dumped riprap about 150 feet long,

27. Stone groin in good condition with timber bulkhead extending
landtward,
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28, Stone mound partly mortared, partly dry, about 200 feet long
fronted alternately by three short stone groins in poor condition and
three shorter timber groins.

29, Adjacent and abutting concrete walls in good condition, about
670 feet in total length,

30, Ten short concrete groins fronting westerly 170 feet of walls
described in 29 above.

31. Row of boulders followed alternately by concrete and stone
walls approximately LOO feet long. In good condition.

32, West jetty of mortared stone construction at Falmouth Harbor
approximately 450 feet long with top elevation of 7.0 feet and side
alopes of 1 on 1.5, Construction of the jetty by the Massachusetts
Department of Public Works was completed in 1909. Since that time,
maintenance and repairs have been made regularly by the State with the
last contract for jetty repairs in 1952. Good condition,

33, East jetty of dry stone construction at Falmouth Harbor
150 feet long with top elevation about 7.0 feet. Construciion of the
jetty was completed in 1909 by the Massachusetts Department of Public
Works. The jetty is in fair condition.

i)y, Mortared stone revetment running easterly from inshore end of
east jetty. The first 300 feet of the revetment was constructed with a
top elevation of 7.0 feet M.L.W., top width of three feet and side slopes
of 1 on 1% in 1939 by the Mass. Department of Public Works, Structure in
good condition. An additional length of approximately 100 feet was added
to the structure later. The structure protects a motel on the beach,

35, Dumped riprap along 680 feet of the seaward edge of Grand Avenue.

36, Stone groin about 190 feet long extending from the beginning of
the concrete wall near Vernon Avenne built in 1937, In poor condition,

37, Concrete wall with concrete spur groins and riprap revetment
extending about 3,200 feet from the stone groin near Vernon Avenue
easterly around the bluff to the stone groin near the Casinc., The wall
was originally constructed in 191k by the Commonwealth of Massachusetts,
Repairs and maintenance have been made periodically since that time. Part
of the wall was constructed with a vertical face reinforced by buttresses,
while a greater length is made up of monolithic blocks having a concave
face. This portion of the wall ties into a third section which has a
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vertical face. The elevation of the top of the wall varies from 5.0 to
8.6 feet above M.L.W, Along the center section of the wall are four (L)
short concrete groins set 50 feet apart. Riprap revetment has been laid
in front of the entire wall. In some sections this revetment has been
displaced and scattered. A band of riprap was placed on the lower part
of the slope of the bluff above and behind the wall for 150 feet at its
west end and 550 feet at the east end. Repairs were made to the riprap
in 1955 by the State. Condition of the riprap is generally good with
some sections of it having been displaced by runoff erosion of the bluff,

38, Four stone groing., Three were rebuilt and one new one was
vongtructed by the State in 1949. Their lengths from west to east were
225 feet, 190 feet, 150 feet and 200 feet, respectively. The groin
west of the Casino was constructed on the site of a groin built in 1%37
and the most easterly groin is on the site of a groin built in 1919,
The groins were built during 1949 with top elevations of 6.5 feet
above M,L.W. at the inner ends and 2.5 feet above M,L.W, at the outer
ends, top widths of 5 feet, and side slopes of 1 on 1.5. The groins
are in fair to good condition,

3Ye Riprap protection around the foundation ot the Casino,

LO. A vertical faced concrete retaining wall with a curved upper
lip at the town beach extending from the east side of the Casino east-
ward for about 1,530 feet. It is bordered by a paved walk on its
landward side. It has a top elevation of 9,5 feet, At its casterly
terminus, it abuts another concrete wall which is on private property.

Li. Vertical faced concrete walls partly fronted by riprap revet.
went along the private shore east of the fown beach, The walls are in
good condition,

L2. Three stone groins., The westerly two groins are in poor
coudition, while the easterly one is tight and in good condition.

L3. Wood pier about 120 feet long. In good condition,

Lin, Two stone jetties flank a 30" culvert which drains Little Pond.
Toe west jetey is 175 teet long, and the east jetty is 80 feet long,
F th have vop elevations at their inner ends of 6,0 feet, but the top
elevations on the outer ends are 2,0 and 5,0 feet for the west and east
Jetties, respectively. There are two stone groins to the east con-
structed at the same time as the jetties. They have lengths from east
to> west of 135 and 50 feet. All four structures have top widths of
Y feet and side slopes of 1 on 1.5, They were built by the State in
1755, They are in excellent condition,



5. The remains of a 250-foot long concrete wall, The wall is
now tilted or destroyed and it is ineffective for shore protection,

L6. A concrete wall about 250 feet long fronted by concrete re-
vetment along its westerly 80 feet and stone riprap revetment for the
remaining length, There are four short timber and concrete groins
extending out from the wall, Except for the east end of the wall, the
structures are in good condition,

47. A concrete wall about 120 feet long and in fair condition.
It is fronted by riprap revetment and a groin (LL) which extends out
from its west end,

L48. The remains of a timber bulkhead abutted and partially fronted
by riprap revetment. The remains of two timber groins extend out from
the bulkhead.

49. Two stone groins, each about 120 feet long, in good conditicn.

50, A row of riprap fronted by a row of wood piles in front of
old house foundations,

51, The two stone jetties at the entrance to Great Pond were
constructed by the State, the west jetty in 1935 and the east jetty
at a later date. The original dimensions of the west jetty were as
follows: Length, 340 feet; Top Elevation, 7.0 feet; Top Width, 5 feety
and Side Slopes of 1 on 1.5. In 1946 both jetties were rebuilt by the
State to the following dimensions: Length, west jetty, 310 feet,
east jetty, 180 feet; Top Elevations, 5.3 feet; Top Width, 5 feet, and
Side Slopes of 1 on 1l.5. In 1955 the east jetty was again rebuilt by
the State to a length of 205 feet and a top elevation of 5.5 feet, the
other dimensions remaining the same. Both jetties are in good condition,

52, Along the shore from the bridge at the Great Pond entrance,
dumped riprap at the bridge abutment continues eastward for. about 800
feet., About 250 feet east of the entrance, there is a concrete wall, L25
feet long, made up of 7-foot long precast concrete blocks set on a stone
mound, The wall is along the edge of Ocean Avenue, behind the dumped
riprap. It was built by the State in 1955, with a top elevation of 8.0
feet, and top and bottom widths of 1.5 feet and 4.0 feet. The wall is
generally in fair condition., Several blocks are tilted out of line.,

53, Four stone groins along the Acapesket Shore were built by the
State in 1946. Their originally constructed dimensions were as follows:
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a4, Easterly Groin. Length 250 feet; top elevation 5.3 feet;
top width 5 feet, This groin was extended 75 feet land-
ward between 1916 and 1951,

b. Second Groin from the East. Length 125 feet, top eleva-
tions of L.3 and 1.3 feet at the inner and outer ends,
respectively. Top width 5 feet.

. Two Westerly Groins. Same original length, top elevations
and top width as b above. These two groins were rebuilt
by the State in 1955 to a length of 80 feet, top width

of 6 feet and top elevation of }.0 feet.

Slopes of all groins are 1 on 1,5, They are in good condition,

54 A riprap mound about 470 feet long with a top elevation of
9.0 feet, There is a stone groin about 130 feet long in front of the
mound. Both structures are in good condition,

5. Two wood bulkheads fronting private residences and property.
The westerly bulkhead which is about 90 feet long is in fair condition,
The easterly bulkhead which is about 180 feet long is in excellent con-
dition, A wood groin about 30 feet long extends seaward from the east
end of the shorter bulkhead. About 25 feet seaward of the longer bulk-
head, there are rows of wood piling interlaced with dumped riprap,

56. A stone groin 50 feet long extending eastward from the inner
end of the groin described in 53 above, and two stone jetties each
275 feet long at the entrance to Green Pond were built in 1952 by the
State. The structures were built with a top width of 5 feet, a top
elevation of 6,0 feet, and side slopes of 1 on 1.5, The groin has
undergone some unraveling. The two jetties are in good condition,

57. An ell-shaped timber bulkhead extends from the north end of
the east jetty at Green Pond, first northward for 60 feet, then east-
ward for 170 feet. The bulkhead is tipped towards the inlet due to
the load of sand behind it

58, A series of three stone mounds, 300, 150, and 80 feet long,
The top elevation of the 300-foot mound is about 6,0 feet. The mounds
are in good condition,

59. Three timber and concrete groins and two stone groins, The
timber and concrete gruins are set about 150 feet apart and extend about
50 feet seaward of the 300-foot long stone mound. The groins are in
fair condition. The most westerly of the two stune groins extends
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geaward for a length of 100 feet from the east end of the 150-foot long
stone mound, while the other groin which is about 80 feet long is
located 160 feet eastward. Both groins are in a deteriorated condition.

60, A row of old wood piles and the remains of a wood bulkhead
are located between the two stone groins described in 59. The structures
are in a very deteriorated condition,

61, Riprap is strewn and buried in two sectioms of the beach,
The most easterly section may be the remains of an old groin,

62, Two stone mounds, one 130 feet long, the cther 230 feet long,
front residences and private property. The westerly mound was pri-
vately constructed 1n November 1961, About 100 feet of the 230-foot.
stone mound has recently been built to a higher elevation than the
remainder which is only in fair condition.

63, Four stone groins extend seaward of stone mounds and riprap
in the Davisville area, as follows:

a., A 90-foot long groin at the east end of the new stone
mound described in 62 above is in excellent condition,

b. A stone groin, 70 feet long. at the wes! end of the
290-foot long mound described in 62 above, abubs & 50-
foot long section of the mcund which extends landward.
The groin is in fair cendition,

¢ A stone groin, 50 feet long, at the east end of the stone
mound described above is in good cenditien,

d, A stone groin, 60 feet long, located 80 feet east of the
groin described in 63 c above, abuts ripréap at its inner

end and is in good condition,

6li. A row of wood piles and riprap 100 feet long. This structure
is in a deteriorated condition,

65, A stone mound, B0 feet long, in good condition.
66, A timber bulkhead about 240 feet long, in fair conditidn.

67. Five groins frem west to east as follows:



8. A short pile-enclosed stone groin about 50 feet long in
good condition,

b. A stone groin about 75 feet long in good condition,
C. A stone groin about 65 feet long in good condition,
d. A stone groin about 100 feet long in good condition,

€. A L0 by 30 foot long ell-shaped wood bulkhead and groin
in fair condition.

68. A rough stone mound about 110 feet long,

69. A stone groin about 110 feet long and located along the
Menauhant shore about 900 feet east of the entrance to Bournes Pond
was built cooperatively by the Town and State in 193k and was reshaped
by the State in 1949. As-built dimensions of the groin weres Length,
175 feet; Top width, 5 feet; Top Elevation, 6,5 feet M.L,W,; and Side
Slopes, 1 on 1%, The groin is in poor condition,

70. Two stone groins respectively located 1,200 feet and 1,550
feet east of the entrance to Bournes Pond were built by the State in
1949, The groins were originally built 125 feet. long with top widths
of 5 feet, top elevations of 6.5 feet at the inner end and 2.5 feet.
at the outer end, and side slopes of 1 on 1,5, The structures are in
good condition,

7l. The remains of a wood bulkhead and short wood groins. The
bulkhead, originally LOO feet long, was built cooperatively by the
Town and State in 193k,

72, Dumped riprap along the edge of Menauhant Road.,

73. Two flanked, short timber groins in fair condition,

4. A stone groin about 125 fest long in good condition, It was
built cooperatively by the Town and State in 193}, The groin was
originally 150 feet long, had a top width of § feet, top elevation of
6.5 feet and side slopes of 1 on 1.5, It was rebuilt by the State in
1949,

75, A mortared stone mound about 200 feet long in fair condition.
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76, A stone groin about 120 feet long in good conditicn., The
groin was built in 1949 by the State to the same dimensions as the
groins described in 70 above.

77. A deteriorated timber bulkhead fronted by riprap.

78, A stone groin about 190 feet long in good conditiom, The
groin was built by the State in 1937 to a length of 200 feet, top width
of I feet, top elevation cf 6.5 feet, and side slopes of 1 on 1.5 The
groin was rebuilt by the State in 19L9.

79, A stone groin about 220 feet long in good condition. The
groin was built prior to 1948 to a length of 220 feet, top width of
i feet, top elevation of 6.5 feet at its inner end. 2.5 feet at its
outer end, and side slopes of 1 on 1.5,

80, A stone jetty about 300 feet long in good conditiom, The
jetty was built by the State in 19%3 to a length of 300 feet, top width
of 5.0 feet, top elevation of 6,0 feet, and side slopes of 1 on L.5e

81. Three flanked stone groins each abou%t 130 feetl long are
offshore at the Eel Pond entrance. The groins are in poor condition,

82. Two stone jetties at the entrance %o Waquoit Bay. The west
jetty is 900 feet long with two 100 -foot spurs extending westwaid
from its inshore end. It was criginally consiructed by the State in
1937 to a length of 550 feet, top width of 5.0 feet, top elevation of
7.0 feet, with a mound at its seaward end with top elevation of li.uU
feet. The west jetty was enlarged to its present length after 19i7.
The initial construction of the east jetty was accomplished coopers
tively by the Town and State in 1918, The originai structure con-
sisted of a riprap jetty 450 feet long, combined with a 400 foot lung
timber bulkhead, half of which was on the inshere end of the jebty
and the other haif shoreward of the jetty. A riprap wall 300 feet
long and several spur jetties wers included in the same projecti.
The top elevation of the jetty was 3,0 feet, while that of the bulk-
head varied from .0 to 8.4 feet M,L,W, Modificatiens and repairs
necessitated by storm damages and settlement were made to the original
structure in 1920, 1923, 1926, 1928, 1935, and in 1955, In 1953, 850
feet of the present length of 1,300 feet were repaired by the State by
the addition of riprap to give a top width of 5.0 feet, top elavation
of 7.0 feet, and side slopes of 1 on 1.5,

83, Beach Fills. The shore of the study area nas been arvificialiy
nourished by placement of sand fill at several sections i1n recent yearsd.
Table G-1, below, shows known beach fills placed since 1926, The table
indicates the year the work was accomplished, the agency doing the work,
the seection of the shore improved, and a brief descripticn of the worke.
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TABLFE Gel

BrACH FILLS

Section or

Description of Work

Cerps of [Falmouth Heights
Enprineers

Agency Area
State Shore west of Falmouth | 6,500 cubic yards of sand dredged
Harbor entrarnce from entrance placed on beach west
of west jetty,
State Shore west of Falmouth | Sand dredged from Falmouth Harbor
Harbor entrance placed on beach west of entrance,
Stata Falmouth Heights Sand dredged from Falmouth Harbor

entrance placed on shcore east of
antrance,

119,430 cubic yards of sand dredged
from Falmouth Harbor placed on
1,650 ft. of beach at Falmcuth
Helghtbn The width of beach fill
Was apecified as 120 ft., with a
top elevation of LDP f* M. L(W

State Maravista

i L e ——

P

Sand fill placed aleng th “Q“ ol
shove wesn of and 200 fi. cast cf
the Little Fond jetties and aleng
60 ft. of shorz at streel end west
of the most easterly groin des..
¢ribed in L, :hove, Top elevaticn
of sand fill, which was L0 - 100 £+
in wedth, was from B.5 to w0 e,
MoL W, with siope of 1 on 10

S T . e et st et

s R R,

Uand f1ll dr&igeﬁ Lo hLea% POMJ
placed on shove imrediately east af
Great Pond entrance,

Sand £111 dredged {rom Green Pond
aniransce p1aued o1 shore west of

han@ illl 1la¢rd betwe&d Wk Jwﬁ’
at Eel Pond erntran:e and pz»w::*ﬁh
fi. to west, Fill cbhainad fron
sand spit north of JELUY atvh play Ld
at top elevation of 5.0 f4. M.L,

for i00-It. width wloping o Lara
shore botéom on 1 on 10,

Sand fill dredged from Eel Fond

piaced along 1200 ft, of shore be-
tween points approx. 200 and 1400
ft. west of the groin numbered 76

i * Thew&ﬂn
Acapesket.
dﬁcapeskem
h # J 1.,.4 &J\ Par]
: N S, U
: Menauhant
b |
§ i
k ] i
S !
; ' i
Lo
asho | State Menauhant
F !
; :
; ]
; V , .
N S . on Plate Noo 4
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AEPENDLX 8

Shepmpa

BEACH P

-

1. General. - Twenty-four Leach profiiss were swrveyed during
1961 at seleated locations throughout the study area. They extendsd
over barrier beaches, low shore roads or geaward of toe toss of
bluffs or protective structurss. Six of the profilss at Fawsoull

Heights had lsngths of 300 to 500 fest and wer: rum cut to dypihs of

6 to 9 feet. 'The other I8 profiiss wers Losger. They were mug to
depths of at least 25 fest spd generaily 0 or wore fest owith
lengths of some excasdiog ope mils, Frofiles are showz on PlLatze o
3 and b and plots of profiles sre showo on Plates 5 throagh 8

Beach slopes ware detemeinel {rom the # anl they ar: shiwn in
the followioeg tabulation. Slogpes e n from the o t
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vertical over tew Lorizontal from & fect abowve fo B :
plane of mean low water. Sicpes Slatter then 1000 ame osted
levey.
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APPENDIX [

ESTIMATES OF COSTS OF IMPRCVEMENTS

1. General. « A us=zful life of 50 years has been used in dew
termining smortizaticn charges., Ap sonual interest rate of 3.5
percent has been used for the snnual charges which are all non-Fed-
eral. Maintenance requirements for beach fills are based on maxi-
mum rates of loss determined from past shore reacession with a mini-
mum rate of loss of one foot per year. A shore recession of two
feet per year was assumed for the fiil area at Falmouth Heights.

It has been assumed that groins snd jetties will reduce the rates
of losa by 50 percent. Ampual malntesance costs of Jjetiies, groics,
revetments and seawalls have been estimatsd as ons percent of the
first cost of coostruction.

2. Shore Betwsaa Nubska Poicy and Falwouth Beacti. - The plan
of protection consists of a stone mound and slope protestion for
the bluffs in this ar«a. Costs have been dsvelopad per lTinsar foot
of improvements,

#. First Cosli Per Linear Foot

Mound and slope protestion, 903 togs gtoos

@ $7.00 $79.00 *
Engineering snd Deslgn 2o Q0

Sl $75.00
Supervisiog and Adninistration b 00

Total FLvst Goel $81.00

*in:ludes Contingencies

b. Aonual Chasges Per Livear Fuct

- s a1

Intersst - {.035 x $8L.0 $2.80
Amcrtization C.OUTHY a $BL.OC .60
Maintenan:s .60

Total Anoual Charges $h, 00



3. Falmouth Heights {West End). - The pisn of protection and

lmprovement consiste of beach widening by direct placement of sand
111, extension of the East Jetty at Falmouth Inner Harbor, and
enlargement and extension of vne grein.

Total First Cost

Jetty extension - 1,700 tons stone @ $12.00
Groin enlargement 1,000 tons stone @ $12.00
Beach fill = 25,000 cu. yds. @ $ 1.50

Subtotal
Engineering & Design

Subtotal
Supervision & Administration

Total First Cost
* Includes Contingencies

Total Annusl Charges

Intereaf -« 0.035 x $89,000

Amortization 0,007631 x $59,000

Maintenancs
Jetty repsirs - i7 tons stons @ $1i.00C
Groin repairs - 10 tong stone @ $12,00
Beach fill - 1,200 cu. yds. @ $ 1.50

Total Avnual Charges

$23,L00 *
13,600
13,100

$80,100

$62, 500
6,500

$89 , 000



4., Falmouth Hsights (Central Portion). - The plan of protec-

tion consists of placement of riprap revetment fronting an existing
seawall and stone slope protection on the bluff landward of the

wall,

Total First Cost

Revetment, 5,200 tons stone @ $6.00
Slope protection, 1,100 tons stone @ $6.00
Subtotal
Engineering & Design
Subtotal
Supervisior & Administraticn
Total First Cost
*Includes Contingencies

Total Annual Charges

Interest Q.035 x $4E,000
Amcrtization 0.0076% x $L45,000
Malntepance
Revetment | 52 tous @ $8.00
Siope protestion, 1L tons @ $8.00

Total Ancual Charges

420
——22
$ 2,580



2+ Mara Vista. - The plan of protection consists of construc-
tion of 1,900 feet of concrete walls on the seaward side of
Menauhant Road.

8.

Total First Cost

Concrete walls, 1,900 feet long,
520 cu. yds. @ $40.00

Engineering & Design

Subtotal
Supervision & Administration

Total First Cost
*¥Includes Contingencies

Total Annual Charges

Interest 0.035 x $28,000
Amortization 0.00763 x $28,000

Maintenance, wall repairs

Total Annual Charges

$24,000 *

2,000

$26,000

2,000
$28,000

$ 1,000
200

— 300
$ 1,500

6. Acapesket. - The plan of protection and improvement consists
of beach widening by direct placement of sand fill, and the enlarge-
went. and extension of four groins.

Q.

Total First Cost

Groins, 11,600 tons stone @ $8.00
Beach fill, 100,000 cu. yds. @ $1.25
Subtotal
Engineering & Design
Subtotal
Supervision & Administration

Total First Cost
*Includes Contingencies

I-4

$106,500 *
143,500
$250,000
__8,000

$258,000

20,000
$278,000



b. Total Annual Charges

Interest 0.035 x $278,000 $ 9,700
Amortization 0.00763 x $278,000 2,100
Meintenance
Groin repairs, 116 tons stone @ $10.00 1,200
Beach fill, 1,700 cu. yds. @& $ 1.50 _2,600

Total Annual Charges $15,600
T. Davisville. - The plap of protection and improvement consists
of beach widening by direct placement of #end fill and construction
of one new jetty and two new groins.

a. Totel First Cost

Jetty and two groins, 9,700 tons stone
8 $8.00 . $ 89,300 *

Beach fill, 60,000 cu. yds. .
8 $1.40 _96,70C *
Subtotal $186,000
Engineering & Design 6,000
Subtotal $192,000
Supervision & Administration _12,000
Total First Cost $207,000

*Inrludes Contingencies

I-5



b

Total Annual Charges

Interest 0.035 x $207,000
Amortization 0.00763 x $207,000
Maintenance

Jetty and groins repairs,
97 tons stone @ $10.00

Beach fill, 1,200 cu. yds. @ $ 1.50

Total Annual Charges

$ 7,250

970
_1,800

$11,600

8. Menauhant. - The plan of protection and improvement consists
of beach widening by direct placement of sand fill, the enlargement
of three groins, and the construction of 1,500 feet of concrete wall
on the seaward sidé of Menauhant Road.

.

Total First Cost

Groins, 3,100 tons stone @ $12.00
Beach f£ill, (4,000 cu. yds. @& $ 1.35

Concrete wall,1500 ft. long,
k20 cu. yds. concrete @ $40.00

Subtotal
Engineering & Design

Subtotal
Supervision & Administretion

Total First Cost

¥Includes Contingencies

I-6

$ 42,200

114,100

12,100
$L75,400
22300
$180,700
14,300
$195,000



Total Annual Charges

Interest 0.035 x $195,000

Amortization 0.00763 x $195,000

Maintenance
Groin repairs, 31 tons stone @ $12.00
Beach fill, 1,800 cu. yds. @ $ 1.50

Wall repairs

Total Annual Charges

I-7

$ 6,800

1,400

400
2,700

200

$11,500



APPENDLX J

BEACH EROSION CONTROL REPORT ON COOPERATIVE STUDY
OF FAIMOUTH, MASSACHUSETTS

INFORMATION CALLED FOR BY SENATE RESOLUTION 148,
85TH CONGRESS, ADOPTED 28 JANUARY 1958

1. The study covers the south or Vineyard Sound shore of
Falmouth, Massachusetts, between Nobska Point and Waguolt Bay.
The problem consists of erosion of bluffs and beaches and storm
damages to low shore roads and coastal development from wave at-
tack. The shore 1s exposed to wave attack from the Atlantic
Ocean across Vineyard and Nantucket Sounds through limited open-
ings between offshore islands. The mean range of tilide varies
from 1.1 to 1.5 feet. The highest tide of record of 12.7 feet
asbove mean low water occurred at Falmouth Heights during 14-15
September 19hh.

2. Improvements Considered. - Plans were developed for
protection and improvement of shore areas as follows:

a. Between Nobske Polnt and Falmouth Beach. - Construct
stone mounds or stone revetment wherever needed for bluff protec-
ticn.

b. Between Falmouth Immner Harbor and Bluffs at Falmoyth
Heights. - Widen 1,000 feet of beach by direct placement of sand
fi1l, lengthen Falmouth Haerbor East Jetty to 250-foot length, en-
large and lengthen existing groin to 250-foot length.

c. Falmouth Heights Bluffs. - Place additional riprap
revetment along the toe of approximately 1,450 feet of wall, place
stone revetment on approximaetely 750 feet of slope above the wall
and control surface runoff wherever needed.

d. Mara Vista. - Construct low walls, approximately
1,900 feet long along the seawerd side of the shore road.

e. Acapesket. - Widen 1,300 feet of beach by direct
placement of sand fill, enlarge and lengthen four (4) existing
groins to 345 to 510~foot lengths.



f. Davisville. - Widen 1,500 feet of beach by direct place-
ment of sand fill, comstruct a jetty 530 feet long and two groins 340
and 510 feet long.

g. Menauhent. - Widen 1,600 feet of beach by direct place-
ment of send fill, enlarge and lengthen three (3) existing groins to
240 to 280 foot lengths.

In addition, general methods of protection and improvement were con-
sidered for other areas which did not merit development of detailed
plans. These methods consisted of malntenance of existing protective
works, constructlion of additional similer structures, reconstruection
or relocation of low shore roads at higher elevations, placement of
stockpiles of sand along the shore to nourish beaches and loeation of
future developments at & high enough elevation or sufficiently land-
ward to minimize damaging wave attack. A number of low barrier bars
fronting ponds are considered generally unsultable for residential
development, due to thelr low elevation and vulnerability to overtop-
ping and damages during severe storms and hurricanes. Complete pro-
tection of low areas by high seawalls or other barriers is not war-
ranted by the limited developments which would benefit.

3. Conclusions and Recommendations. - Due to the adequacy of
public beach areas for present recreational use, the lack of infor-
mation to indicate the need for additionsl ares for prospective use,
the small value of benefits to be derived from protecting public
roads and public lands or the private ownership and consequent pri-
vate benefits to be derived from protecting private property, the
public interest, as required by Public Law 826, 8hth Congress, is in-
sufficlent to warrant Federal perticipation in the cost of the proj-
ects considered. Therefore, it was recommended that no projects be
adopted by the United States for the protection or Lmprovement of the
shores of Falmouth, Massachusetts. It was further recommended that
protective measures which may be undertaken by local interests, based
upon thelr determination of economic justification, be accomplished
in accordance with plans and methods considered 1n the study. Esti-
mated first costs of considered improvements, all non-Federsal, are
listed a3 follows:

J=2



Location

Between Nobska Point
and Falmouth Beach

Falmouth Helghts
(West End)

Falmouth Heights
(Central Portion)

Mara Vista

Acapesket

Davisville

Menauhant

Improvement

Stone mound and

slope protection

Groin and jetty
enlargement and
beach fill

Stone revetment
and slope pro-
tection

Concrete wall

Enlargement of
4 groins and
beach fill

Construction of
jetty, 2 groins
and beach fill

Enlargement. of
3 groins; beach
f111l and econ-
crete wall

Estimated First Cost

$81.00 per linear
foot

89,000

48,000

28,000

278,000

207,000

135,000

4. Discussion. =~ The economic justification for construction
of the considered proJects has not been determined. Benefits were
not evaluated since benefits to be derived are principally private
and not of a type to make the improvements eligible for Federal

aid under existing Federal policy.

Changing the economic life of

the projects would not chenge the findings of the study in so far

as they pertain to eligibility for Federal =aid.

J-3



APPENDIX K

DESIGN ANALYSIS

1. Design Tlde. - The design tide is the highest tide which it
is estimated occurs in the study area on an average once a year.
Estimate of the height of the design tide was based on cbserved
tidal heights of comparatively short duration at locations within
the study area and of longer duration at Newport, Rhode Island and
Boston, Massachusetts, as described in Appendix E. The desigmn
tide of 3.0 feet above mean high water was estimated as an average
of the tides of record at Boston and Newport.

2. Design Wave. - The height of design wave used for struc-
tures is the highest wave which can occur at the structure at the
time of design tide. Determination was based on the limitations
imposed by fetch and wind speeds and also by depths of water at the
structure. Water depths limited the possible wave heights more
than fetch and wind speed. Therefore, desig& wave height was com-

puted using the solitary wave formula H = .28 where H is the wave
height and 4 1s the depth of water at time of deslgn tide. The

following conditions of probable occurrence would result in the
highest waves in the study area generated across Nantucket and Vine-
vard Sounds: Wind ESE 38 m.p.h {statute)

Fetch 32.6 miles "
Depth L8 feet
Time 7 hours

Wave generatlon across shallow water, based on the above conditions,
is estimeted to result in a wave height of 11l.1 feet and a wave pe-
riod of 4.6 seconds. Maximum wave heights, based on the depths of
water encountered at the structures, are tabulated below:

Depth Water Design Depth (d4)* Wave Helght (H)
(Feet MLW) (Feet) (Feet)
T.5 1.8 g.2
6.0 10.3 8.0
5.2 9.5 Tol
3.0 7.3 5.7
£1.0 3.3 2.6

* Depth water plus mesn range of tide (1.3} plus design tide (3.0).

K=l



3. Weights and Slopes of Stone Structures. - The minimum
welghts and slopes of armor stones in structures are determined
from the formula

g3

W o= Wy
K 15 - 1)3 cot e
D

r
where W = welght of stone in pounds
W, * unit weight of stone in pounds/ cu. ft.

K = a coefficient; 2.0 for the heads of structures and
D 2.5 for the trunks

2]
1%

specific gravity Yr/w, e unit weight stone
r unit weight of water

oA = angle of slope to the horizontal
H =& wave height at structure

Minimum weights of armor stones and slopes were determined as tabu-
lated below:

Wave Height X Minimum Weight Section of Study
{Feet) Siope D of Stone (1bs) Area
9.2 lon?2 2.0 8200 Falmouth Heights
(West End)
8.0 lon 1.5 2.0 T200 " " "
Davisville
Menauhant
Tolt loni.5 2.6 5700 Acapesket
57 lon 1.5 2.5 2080 Entire
S8 1on 1.5 2.0 ohs Falmouth Heights

(Central Part)

The cors or bedding stone immediately beneath the armor stone was de--
slgned to contain assorted sizes with at least one-half the stone
baving waights equal to 10 per cent of the armor stope weight and the
remainder in smaller quarry run sizes. The top width of jetti=s and
groius and the thickness of armor stone in revetments are at least



twice the dimension of the side of a cube of gstone having the spec-
ified welight of the armor stone. A lesser thickness of armor stone
is necessitated in some instances of groin or Jetty design due to
the limited size of the structures.

k., Wave Runup. - The wave runup was computed for the proposed
revetment at Falmouth Heights using the composite slope method.
Runup was determined as 4.0 feet which superimposed on the design
tide of L4L.3 feet results in a top elevation of runup of 8.3 feet.

K-3



APPENDIX L

REPORT OF THE UNITED STATES FISH AND WILDLIFE SERVICE

UNITED STATES
DEPARTMENT OF TFE INTERICR
FISH AND WIIDLIFE SERVICH

£9 Temple Place
Boston 11, Massachusetts

March L, 1963

Division Engineer

New England Division

U, 5. Army Corps of Engineers
L2l Trapelo Road

Waltham Sli, Massachusetts

Dear Sir:

This is our conservation and development report on the beach erosion control
plans for Falmouth, Massachusetts, as described in the letter dated

September 12, 1962 and accompanying maps, from the Deputy Division Engineer.
This report waq prepared under the authority of the Fish and Wildlife
Coordination Act (48 Stat. LO1, as amended; 16 U.S.C. 661 et seq.), in
cooperation with the Massachusetts Division of Marine Fisheries and Division
of Fisheries and Game, who indicated their concurrence by letters dated
December 18, 1962 and December 19, 1962, respectively.

We understand that there are several methods under consideration for
correction of beach erosion. The plans under consideration are:

1. Between Nobska Point and Falmouth Beach: Construct stone mounds or
stone revelmenls wherever needed for bluff protection.

2. Between Falmouth Tnner Harbor and Bluffs at Falmouth Heights: Widen
1,000 feet of beach by direct placement of sand Iill, lengthen Falmouth
Harbor East Jetty to 250-foot length,.enlarge and lengthen existing groin to
2650-foot length.

3. Falmouth Heiphts Bluffs: Place additional riprap revetment along
the toe of approximately 1,L50 feet of wall, place stone revetment on

approximately 750 feet of 310pe above the wall and eontrol surface runoff
wherever needed.

4. Mara Vista: Construct low walls, approximately 1,900 feet long
along the seaward side of the shore road.

5. Acapesket: Widen 1,300 feet of beach by direct placement of sand
£411, enlarge and lengthen four existing groins to 3L5 to 510-foot lengths.

6. Davisv111e° Widen 1,500 feet of beach by direct placement of sand
fi1l, construc etty 530 feet long and two groins 3LO and 510 feet long.

7. Menauhant: Widen 1,600 feet of beach by direct placement of sand
£il1, enlarge and lengthen three existing groins to 210 to 280-foot lengths.

L-1 R L/15/63



The project works would be situated in areas of biological significance.
Quahogs, soft-shelled clams, and bay scallops are produced in the salt-water
ponds and support a commercial and recreational shellfishery of considerable
significance. Finfish resources in the area support a highly valued
sportfishery; the species of primary importance are striped bass, bluefish,
winter flounder, northern scup, and tautog. The existing groins or jetties
which will be affected by the project will provide 2,000 fisherman-days
annually, having a value of $36,000. Waterfowl use of the salt ponds is
moderate during migration and wintering periods; the black duck and Canada
goose are common migrants and winter residents. Other waterfowl species

and shorebirds use the ponds in varying concentrations.

In Falmouth Inner Harbor quahogs are produced on about seven acres of under-
water lands. Because of heavy pollution, shellfishing is not permitted.
However, seed and adult quahogs are transplanted to unpolluted waters from
this area. The 10-year average annual quahog seed stock transplanting program
has been 1,000 bushels; up to L,000 bushels have been transplanted per year
under a State-operated program. The town received from $2 to $12 a bushel

for transplant stock, depending upon graded sizes., The present town
transplanting program has a potential for expansion if additional funds are
appropriated. Limited scallop and soft-shelled clam resources are present

but are not utilized because of pollution.

There are quahog, scallop, and soft-shelled clam resources in Great Pond.

(See plate IT). The town shellfish officer estimates that between $50,000
and $60,000 worth of shellfish were harvested from the pond in 1961, Scallops
can be taken only by family-permit holders; quahogs and soft-shells can be
taken by both recreational and commercial shellfishermen.

Bournes Pond provides an estimated $25,000 to $30,000 worth of shellfish
annually. Quahogs, soft-shelled clams, and scallops are harvested primarily
by recreational diggers. Commercial shellfishing is limited, Excessive
shoaling and unstable bottom have eliminated a sizeable portion of the lower
pond for shellfish production.

Dredging offshore or from inland borrow pits to obtain beach fill would not
have any significant effect upon fish and wildlife resources. Dredging from
the ponds behind the beaches would be damaging to the resources if fill were
removed from certain areas; if dredging were limited to areas as described
below and as shown on attached plates I, IT, and IIT, it would enhance
habitat conditions and improve the potential for utilization of the fin-
fishery and shellfishery.

If it becomes necessary to dredge in Falmouth Inner Harbor, beach fill could
be dredged in the lower harbor to an east-west line, 1,100 feet from the

town beach, without causing significant damages to the shellfish habitat or
resources. (See plate T). The town should be notified 90 days in advance

of dredging operations to permit removal of quahogs for transplanting.
Dredging should be done between October 1 and January 1 to minimize siltation
damages to spawning shellfish and winter flounder in this and any of the
ponds of significance to shellfish or waterfowl which are discussed below.

L-2



Tt would be important, also, to insure that channel dredging in each pond
entrance be done in a way that will provide a continucus channel through
the offshore shoaling, thus permitting animpeded interchange of waters
between the ponds and the sound.

If dredging becomes necessary in Great Pond, damages to shellfish habitat
would be insignificant provided it conforms to patterns described in

plate IT. The marsh islands near the pond entrance should be avoided, Their
con*inued presence contributes to maintenance of nutrient supplies in the

poi area. The town should be notified 90 days in advance of dredging
operations to permit removal of quahogs for transplanting to other areas of
the same pond. Conditions would be improved for utillization of the fishery
for striped bass, bluefish, winter flounder, summer flounder, scup, and tautog.

Dredging would cause no significant damage to shellfish habitat in Bournes
Pond if it is done in the area shown on plate ITI. Dredging would eliminate
the shoal, allow for a greater interchange of waters between the Sound and
the pond, and possibly provide improved habitat for quahogs and scallops.

There will be no significant effect upon shellfish habitat if dredging is
done in Green Pond. Marsh habitat of special value to shorebirds however.
would be destroyed if the southwestern and western shores of Green Pond were
dredged; these areas should be preserved. Spoil which is excess to that
needed for construction should not be deposited on marsh habitat.

The construction of stone mounds or stone revetments and offshore dredging

will have no detrimental effect upon fish and wildlife habitat or resources.
The lengthening of existing groins and jetties, and construction of new

groins and jetties, will have no harmful effects upon the resources, and will
tend to stabilize the beach-sand littoral drift and stabilize bottom conditions
within the ponds, thus possibly extending shellfish and waterfowl habitat.
Lengthened groins and jetties would provide an estimated 63,000 fisherman-

days per year, a net increase of 39,000 fisherman-days, representing a

benefit of $58,500.

There is an opportunity to further increase the sportfishery benefits of

the project. This would involve (1) modification of the groins and jetties

to hold the top elevation to within a six-inch vertical variation and chink
gaps in the top surface to provide a safe walking surface, and (2) provision
of adequate parking facilities, Due to access possibilities and use-potential,
this would be most applicable on the groins and jettles listed below. We

have numbered the groins and jetties for easy reference:

Structure No. Designation, location

Falmouth Harbor east Jjetty

Groin 1,200 feet east of Falmouth Harbor
Groin 1,000 feet west of Green Pond

Groin 1,400 feet east of Green Pond east jetty
Groin 1,700 feet east of Green Pond east jetty
Bournes Pond west jetiy

Groin 2,100 feet west of Eel Pond entrance
Oroin 1,450 feet west of Eel Pond entrance
Groin 750 feet west of Fel Pond entrance

O o= N ETW o

L-3 R 1/15/63



There is potential for added fishing opportunities at the Falmouth Harber
east jetty and the groin located 1,200 feet east of Falmouth Harbor,
structures numbers 1 and 2, respectively. Winter flounder and tautog are
fished from both structures; bluefish and striped bass provide added fishing
from the jetty. The town owns the land from which the grein and jetty
extend seaward.

Groin number 3, 1,000 feet west of Green Pond and groins numbers L and S,
1,L00 feet and 1,700 feet, respectively, east of the Green Pond east jetty
also offer potential for improved fishing opportunity. Groins numbers !} and
5 extend seaward from town-owned land and fisherman access is possible from
the land end. The Bournes Pond west Jjetty, number 6, would offer improved
fishing opportunity for bluefish, striped bass, winter flounder, tautog,

and northern scup. Because the landward end is on private property,
fisherman access is gained from the beach.

The two groins, numbers 7 and 8. between Rournes Pond and Eel Pond, are
accessible from town-owned beach. Access to groin number 9, 750 feet west
of Eel Pond, can be gained from the abutting roadway.

It is estimated that the fisherman use would amount to an average of 85,000
fishermen days annually during the project life if the structures were
modified as previously described, and if adequate parking facilities are
provided. This is an increase of 22,000 fisherman-days arnually over the
with-the-project conditions. This benefit is valued at $33,000, Table 1
summarizes the average annual fisherman-days for each groin or jetty over
the 1ife of the project, without the preoject, with the project, and with
the modified project, i.e. with parking areas and smooth surfaces on the
jetties and groins,

Table 1. Estimated average annual fisherman use (fishermanudays)

Groin or jetty Without the project With the Project With the Modified Project

1 6,900 12,100 16, 800
2 500 7,200 9,700
3 700 13,500 18,100
L 0 5,500 7.L00
5 0 5,500 7,400
6 0 5,000 6,700
7 5,500 3,000 4,000
8 3,700 3,500 L, 700
9 6,900 7,400 10,200

Rounded 2L, 000 63,000 85,000

Parking area capacities needed are shown in table 2. Parking areas for two or
more structures may be combined. They should be constructed on the land side
of the road. Marsh areas should not be filled to provide parking areas if
convenient parking facilities can be provided elsewhere.



Table 2. Parking area requirements

Groin or jetty Number of cars

30
20

30
15
15
10
10

10
20

O o ONVLETLL o

The implementation of the followlng recommendations wiil provide increased
sport fishing opportunities and will minimize damages to the resources, In
view of the fact that the increased benefits from the sportfishery would
accrue to the public at large rather than to any identifiable segment of the
public, the sport fishing facilities and the required parking facilities
should be a non-reimbursable Federal cost of the project.

We recommend--

1. That necessary beach fill materials be obtained from Falmouth Inner
Harbor as indicated on plate I3 the town be notified %0 days prior to
starting dredging activities to permit removal of quahog stocks from the
dredge site.

2. That necessary beach fill materials ke obtained from Jreat Pond as
indicated on plate II; the marsh islands be aveoided.

3. That the town b= rotified S0 days prior to dredging activities to
permit removal of quahogs for transplanting elsewhere in lreat Pond.

L. That dredging be done between Cctober 1 and Jamuary 1 in ary pond
of indicated significance to sheilfish or waterfowl.

S. That dredging activities In Bournes Pond be done in the area shown
on plate IIT.

6. That dredging of the marshy area along the westzrn and southwestern
shores of Green Pond be avoided.

7. That groins and jetties listed above be constructed with the top
elevations held to within a 6-inch veri:al variation and to gaps in the
top surface chinked to within a 6<inch opening to provide a safe walking
surface for fishermen.,

8. That adequate parking areas for fishermen be provided as described
above,

L-5 & L/15/63



9. That dredging necessary to obtain beach fill be done in such manner
that the seaward end of each channel be dredged through the offshore sheoaling
at the pond entrances to provide a continuous channel.

10. That speil which is in excess of that needed for construction not
be deposited on marshlands.

11. That, if the project is recommended for Federal construction, the
cost of providing parking areas and smooth surfaces on groins and Jjetties
for sportfisherman-use be a non-reimbursable Federal cost of the project.

Sincerely yours,

Regional Director
Bureau of Sport Fisheries & Wildlife

John T. Gharrett
Regional Director

Bureau of Commercial Fisheries

R L/15/63 -6
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